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Preface 


Hw  Confefence  on  Chemical  Risk  Assessment  in  the 
Department  of  Defense  (DoD):  Science,  Policy,  and  Practice 
was  held  at  the  Holiday  Inn  Confefence  Cen^  in  Dayton. 
Ohio,  from  9  to  11  April  1991.Theconferencewassponsored 
by  the  Toxicology  Division,  Occupational  and  Environmen¬ 
tal  HeaUi  DirectoiatB,  Armstrong  Laboiatoiy;  the  Toxicol¬ 
ogy  Detachment,  Naval  Medical  Research  Inriitute;  and  the 
Army  Bioinedical  Research  and  Development  Laboiatoiy. 
with  the  cooperation  of  the  National  Research  Council  Can- 
miaee  on  Toxicology.  The  conference  was  coordinated  by 
ManTecfa  Environmental  Technology,  Inc.,  and  was  attended 
by  over  250  representatives  of  govenunent,  industry,  and 
academia  in  the  field  of  chemical  risk  assessment 

The  goals  of  the  Conference  were  to  promote  exchange 
of  information  between  those  who  develop  risk  assessment 
methodologies  and  those  who  perform  risk  aasessmem  for  the 
DoD.  Specifically,  the  goals  were 

•  to  acquaint  DoD  practitionen  with  the  state  of  the  art  in 
chemical  risk  assessment  methodology  for  occupatioo- 
aL  enviionnrentaL  and  emergency  planning  q^lica- 
tions. 

•  toacquaintfiKMewhoperfonncheraicaliiskasaessment 
with  the  requirements  and  problems  specific  to  the  DoD. 

•  to  identify  research  priorities  to  improve  the  applicatioo 
of  chemical  risk  assessment  methods  to  DoD  scenarios. 

The  Confensnce  featured  invited  ptesentadoiis  by  noted 
individuals  in  the  field  of  risk  assessinem  and  a  poster  session 


on  studies  relevant  to  the  Conference  theme.  A  special  eve¬ 
ning  session  highlighted  the  histoty  of  the  dm  service 
toxicology  units.  Sessions  were  held  on: 

•  DoD  Approaches  to  Chemical  Risk  Assessment 

•  Principles  of  Chemical  Risk  Assessment 

•  Issues  in  the  Science  and  Methodology  of  Chemical 
Risk  Assessment 

•  Current  Applicatioiu  of  Chemical  Risk  Assessmem  in 
thehfilitary 

•  New  Directions  in  Chemical  Risk  Assessment 
Methodologies 

•  Issues  in  Risk  Management 

The  papers  in  this  volume  span  this  wide  range  of  topics 
and  will  hopefully  provide  a  useful  resource  for  individuals 
involved  in  the  relatively  new  and  rapidly  growing  discipline 
of  chemical  risk  assessment 

I  am  grateful  for  the  suggestions  of  my  many  colleagues 
who  took  tune  to  review  the  manuscripts  that  make  iq)  this 
proceedings.  I  would  also  like  to  thank  JoAnne  Barker.  Pam 
Denton,  and  Patty  Fieenor,  of  ManTech  Environmental  Tech¬ 
nology.  Inc.,  for  their  invaluable  assistance  in  coordinating, 
compiling,  and  editing  that  helped  to  bring  this  proceedings 
to  its  completian. 


Harvey  J.  Clewell,  m 


Introduction 

Harvey  J.  Qewell,  m 

Research  Manager,  Risk  Ass^  '^ment,  ManTech  Environmental  Technology,  Inc.,  Toxic  Hazards  Research  Unit, 
Wiight-^’atterson  Air  Force  Base,  Ohio  43433 


Past 

In  a  way,  chemical  risk  assessment  is  both  a  young 
discipline  and  an  old  one.  As  Dr.  John  Ooull  suggests  in  his 
presentation,  while  modem  risk  assessment  is  less  than  20 
years  old,  toxicological  hazard  assessment  is  likely  to  have 
been  the  second  oldest  profession. 

Our  ancient  ancestors  found  it  necessary  to  categorize 
dteir  environment  into  foods,  remedies  and  poisons,  and  by 
the  time  of  Louis  XTV,  the  king  considefed  it  beneficial  to  his 
own  longevity  to  outlaw  the  profession  of  poisoner.  The 
earliest  concerns  related  to  unintended  chemical  hazards 
were  prompted  by  the  sssociarion  of  chemical  exposure  with 
occupational  illness,  as  fiist  recorded  in  1713  by  Bernardino 
Ramazzini  in  his  classic  work,  "Diseases  of  Workers."  Gxn* 
menting  on  the  "harvest  of  diseases  leaped  by  certain  woiken 
from  their  crafts  and  trades,"  Ramazzini  describes  the  prin¬ 
ciple  cause  as: 

"...  the  harmful  character  of  the  materials  that 
they  handle,  for  these  emit  noxious  vapon  and 
very  fine  particles  inimical  to  human  bdngs  and 
induce  particular  diseases. . . ." 

In  his  studies,  Ramazzini  identified  chemical  hazards  rsnging 
from  heavy  metals  to  tobacco  smoke,  although  with  regard  to 
the  latter  he  was  quick  to  add: 

"However,  let  no  one  suppose  that  I  wish  to  speak 
ill  of  a  plant  so  edebrtted  that  it  has  been  dig¬ 
nified  with  the  title 'Queen*,  a  plant  so  agreeable 
to  all  Europeans,  above  all  in  those  realms  where 
the  use  of  tobacco  is  reckoned  a  profitable  source 
ofrevetMe.” 

In  spite  ofoccasional  episodes  of  "killer  smog"  (the  most 
femous  in  December  1932  in  London,  England,  caused  over 
SOOOdeaihs),  it  probably  wasn’t  until  1962.  with  the  publica¬ 
tion  of  Radiel  Carson’s  SUem  Spring,  that  the  notion  of 
hazardous  chemicals  as  a  threat  to  the  environment,  the  food 
chain,  and  the  individual  became  fixed  in  the  minds  of  the 
public.  Prom  there  it  was  a  rapid  downhill  spiral  to  cha- 
mophobia  best  chameterized  by  a  succession  of  chemical 
tuanes:  DDT,  saccharin,  FDftC  Red  No.  2,  cyciamates, 
nitriles,  asbestos,  ethylene  dibromide,  and  Alar™. 

The  birth  of  modem  quntitative  risk  assessment  can  be 


dated  back  to  a  1973  U.S.  Food  and  Drug  Asministration 
(FDA)  regulatory  document,  "Compounds  Used  in  Food- 
Producing  Animals"  (Fed.  Reg.  38: 19226, 1973).  This  docu¬ 
ment  specified  the  requited  sensitivity  of  methods  for 
measuring  trace  levels  of  carcinogens  in  meat  products  on  the 
basis  of  the  "maximum  exposure  resulting  in  a  minimal 
probability  of  risk  to  an  individual  (e.g..  1/100.(X)0.000) — " 
However,  rmst  would  consider  the  Supreme  Court  decision 
on  benzene  as  the  death  knell  for  qurditative  safety  assess- 
mettt.  Referring  to  OSHA’s  responsibility  to  protect  workers 
from  significant  risk,  the  Court  stated: 

Tt  is  the  Agency’s  responsibility  to  determine  in 
the  first  instance  what  it  considen  to  be  a  "sig¬ 
nificant"  risk.  Some  risks  are  plainly  acceptable 
and  others  ate  plainly  unaccqxable.  If,  for  ex¬ 
ample,  the  odds  ate  one  in  a  billion  that  a  person 
will  die  from  cancer  by  taking  a  drink  of 
chlorinated  water,  the  risk  could  clearly  not  be 
considered  significant.  On  the  other  haiid.  if  the 
odds  are  one  in  a  thousand  that  tegular  inhalation 
of  gasoline  vapon  that  are  2%  benzene  will  be 
fetaL  areasonable  person  might  well  consider  the 
risk  significant  and  take  the  appropriate  steps  to 
decrease  or  eliminate  it"  (LUJ3.  v.  AJ^J.,  448 
U.5.at635) 

Following  widespread  criticism  of  several  safety  decisions 
made  by  health  regulatory  agencies,  Cfongress  conunissioned 
a  report  by  the  National  Academy  of  Science.  The  resulting 
document,  "Risk  Asaessmem  in  the  Federal  Government: 
Mamging  the  Process,"  laid  the  formal  foundations  for 
modem  chetnicai  risk  asscsstnenL 

The  evolution  of  chemical  risk  assesstnem  in  the  military 
has  paralleled  progress  in  the  general  community.  From  an 
early  fbcua  on  occupational  health  effects  in  munitions  plants, 
the  Army  program  has  expanded  to  iiKlude  evaluation  of  a 
wide  range  of  chetnicai  safety  concerns:  ftmgicides,  flame 
retardants,  fuels,  smokes,  insecticides,  repellents,  and  evei 
cosmetics.  In  responae  to  the  growing  pubic  concern  for 
environmental  degradation,  the  Army  has  also  created  a 
strong  program  in  ecotoxicology  atxl  biomonitofing  to  sup¬ 
port  the  activities  of  the  Corps  of  Engineers. 

Oir  country’s  entry  into  the  "space  race"  stimulated 


br 


X 


Chamicil  Risk  AssMstnant 


imerestinthehealthefftetsofcontinuoiisexposuiestoqMce- 
cato  environments.  In  reqxNtse  to  this  concern,  the  Air  Force 
developed  the  unique  exposure  systems  now  known  as  the 
Thomas  Domes  to  conduct  long-term,  continuous  exposures 
of  test  animals  to  potential  space-cabin  contaminants.  The 
Navy,  prompted  in  pan  by  a  similar  interest  in  long-term 
continuous  exposures  (for  application  to  submarine  environ¬ 
ments),  colocated  their  toxicology  unit  with  the  Air  Force’s 
to  take  advantage  of  the  unique  facilities.  As  the  country’s 
focus  changed  from  space  to  the  environment  in  the  1970’s, 
thes^:  facilities  were  used  to  assess  the  hazards  as¬ 

sociated  with  a  varieQr  of  Air  Force  and  Navy  propellants, 
fuels,  arid  fluids. 

The  focus  of  these  DoD  efforts  was  essentially  observa¬ 
tional  —  looking  for  acute  or  chronic  pathological  changes 
after  the  exposure  of  laboratory  animals,  often  in  large  num¬ 
bers.  Des^Tite  the  accumulation  of  volumes  of  animal  data, 
there  was  growing  dissatisfaction  of  its  usefulness  due  to  the 
perceived  difficulty  of  interpreting  the  significance  of  the 
animal  results  for  humans.  This  did  not  represent  a  deficiency 
in  the  DoD  programs,  but  rather  reflected  the  limited  state  of 
the  an  of  chemical  hazard  assessment  at  that  time.  The  most 
enduring  challenge  of  the  toxicologist  is  the  extr^ladon  of 
animal  toxicity  results  to  predict  human  hazard.  The  inherent 
uncertainty  in  the  relssionship  between  the  results  of 
laboratory  anirrul  experiments  and  the  actual  human  risk 
from  a  chemical  persists  to  this  day. 

Around  1980,  asafirst  step  in  the  direction  of  developing 
improved  methodologies  for  chemical  risk  assessment.  Air 
Fom  arxl  Navy  personnel  at  Wright-Patterson  began  to  in¬ 
vestigate  the  use  of  pharmacokinetic  techniques  to  establish 
the  target  tissue  dose  derived  from  chemical  exposure.  This 
was  a  significant  initiative  toward  a  more  quantitative  ap¬ 
proach  for  interpreting  long-term  animal  toxicology  experi¬ 
ments.  The  change  from  a  purely  observational  approach  to 
an  approach  that  combines  the  traditioiutl  studies  with  quan¬ 
titative  modeling  of  the  animal/chemical  system  has 
developed  slowly,  but  the  new  methodology  is  now  fun¬ 
damental  to  the  Air  Force  and  Navy  approaches  to  chemical 
hazard  assessment  During  the  same  period,  the  Army  has 
made  significant  strides  forward  in  d^eioping  useful,  new 
animal  models  for  hurtumsnd  environmental  risk  assessment 
In  particular,  they  have  played  a  rtujor  role  in  the  develop¬ 
ment  of  the  medaka  ftsh  boA  as  a  potential  animal  model  far 
carcinogenic  bioassays  and  asabkxnonitor  for  effluent  safety 
assessment 

PrMMit 

Chemical  risk  assessmetd  is  a  complex  process.  First  a 
hazard  assessment  for  a  given  chemical  must  be  performed, 
usually  by  extrapdaiing  the  results  of  animal  toxicology 
wndies.  lliis  human  hazard  assessment  must  then  be  com¬ 
bined  with  an  estimate  of  the  potential  exposure  of  individuals 


to  the  chemical  or  material  in  the  specific  situation  of  concern; 
this  is  termed  the  exposure  assessment  Combining  the  hazard 
assessment  for  the  chemical  widi  the  exposure  estitnate  for 
the  situation  produces  an  overall  risk  assessment  Consider¬ 
ing  this  estimated  risk  togedier  with  other  costs,  as  well  as 
potential  benefits,  to  select  the  most  acceptable  alternative  for 
a  specific  scenario  is  termed  risk  managemoit  Each  step  in 
this  process  is  fraught  with  uncertainty.  As  a  result  the 
regulatory  agetKies,  bodr  state  atxl  federal,  have  generally 
employed  an  extremely  conservative  approach,  with  multiple 
safe-sided  assumptions  or  safety  factors.  In  recettt  years, 
however,  there  has  been  growing  recognition  that  extremely 
conservative  risk  estimates  may  not  be  acceptable.  Particular¬ 
ly  in  the  case  of  carcinogenic  risk  assessment  a  more  realistic 
approach  is  needed  which  would  attempt  to  provide  a  more 
accurate  estimate  of  the  hazard  together  with  an  estimate  of 
the  level  of  uiK:enamty  involved. 

Carcinogenic  risk  assessment  differs  from  almost  all 
other  fomu  of  toxicological  risk  assessment  because  of  two 
key  assumptions  that  are  made.  The  first  assumption  is  that 
there  is  no  threshold  for  the  effect  of  a  carcinogen.  For  other 
forms  of  toxicity  the  assumption  is  made  that  there  is  a  level 
of  exposure  —  the  threshold  —  below  which  the  toxic  effect 
will  not  be  produced.  For  carcinogenicity  the  assumption  is 
made  that  no  level  of  exposure,  no  matter  how  small,  is 
without  potential  for  harm.  The  second  assumption  is  that  for 
carcinogens  the  dose-response  relationship  becomes  linear  at 
low  doses.  Taken  together  with  the  preference  for  conserva¬ 
tive  estimates,  these  two  assumptions  cause  the  action  levels 
for  carcinogens  (usually  expressed  as  the  concentration  as¬ 
sociated  with  a  certain  increased  lifetime  risk  of  cancer)  to  be 
much  lower  than  the  action  levels  for  chemicals  producing 
other  toxicities  (usually  expressed  as  a  threshold  concentra- 
tim  below  which  no  harm  is  expected). 

The  pressures  toward  a  more  realistic  risk  assessment  for 
carcinogens  are  twofold.  First,  in  many  cases  the  principal  use 
of  quantitative  risk  assessments  is  for  performing  relative  risk 
assessments  —  that  is,  comparing  the  risk  ftom  two  or  more 
different  chemicals.  Examples  include  setting  priorities  for 
clean-tqt  of  environmental  contaminants  and  selecting  a 
chemical  for  an  operation  in  which  none  of  the  candidate 
chemicals  are  completely  free  of  hazard.  While  sudi  com¬ 
parisons  can  currently  be  made  for  most  forms  of  toxicity ,  the 
current  quantitative  risk  assessment  methods  ft)r  carcinogens 
ignore  differences  in  the  mechanism  of  action  of  different 
chemicals,  aiKl  the  heroic  measures  taken  to  assure  safe-sided 
estimates  result  in  quantitative  estimates  of  potency  which  are 
essentially  useless  for  comparative  purposes.  Second,  these 
conservative  estimates  of  carcinogenic  potency  have  often 
led  to  exposure  guidelines  which  are  unachievable,  un¬ 
measurable,  or  opentionally  unrealistic.  The  significam 
monetaiy  and  operational  costs  associated  with  some  of  these 
very  conservative  estimates  demand  careful  sciutiny  of  their 
relidnlity. 
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The  difficulty,  of  course,  is  that  the  deficiencies  in  the 
current,  extremely  conservative  risk  aasessnient  approach  do 
not  provide  a  justification  for  sinqily  reducing  current  risk 
estimates.  There  has  to  be  ascientific  basis  for  obtaining  more 
accurate  estimates  so  that  the  new  estimates  can  be  defended 
and  so  tiiat  the  assumptions  and  uncertainties  involved  in  the 
process  can  be  docurnented. 

Fuluni 

For  neatly  a  decade  the  militaty  services  have  stepped 
beyond  the  bounds  of  traditioiud  toxicology  to  develop  more 
accurate,  useful,  snd  scientifically  sound  estimates  of  chemi* 
cal  hazard.  Chemical  risk  assessment  research  in  the  future 
will  undoubtedly  be  characterized  by  contituied  emphasis  on 


computer  modeling  tecnniques  as  well  as  by  an  increased 
reliance  on  in  vitro  ceil  culture  techniques.  The  result  will  not 
only  be  greater  accuracy  of  chemical  risk  assessments,  but 
also  significantly  improved  timeliness  for  rapid  screening  of 
candidate  materials  being  cotuidered  for  emerging  weapons 
systems. 

Together  with  limited  whole-animal  studies,  tiiese  tech¬ 
niques  form  a  tiered  qrproach  which  will  provide  the  basis 
for  useful  risk  assessments  -  risk  assessments  which  provide 
arealistic  evaluation  of  the  chemical  hazards  associated  with 
an  operation  so  that  alternatives  can  be  considered  on  the 
basis  of  chemical  hazard  information  in  tire  same  way  that 
current  trade-off  studies  can  consider  petfontuunce  atrd  cost 
infomuttioiL 
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Chemical  Risk  Assessment — 

The  Navy  Occupational  Approach 


J.  Thomas  Pioce,  CDR,  MSC 

U.S.  Naval  Reserve,  1604  Farview  Road,  Raymore,  Missouri  64083 


In  order  for  the  Oopartmant  of  the  Navy  to  withstand  teals 
of  its  ability  to  manage  occupational  hazards,  the  assantials 
of  risk  assassmant  and  risk  managsmant  have  bean  practicod 
for  soma  tkna.  A  recant  IHaratura  review  indicatss  numerous 
citations  dating  from  1925  to  the  prasanL 

Kay  documents  partinant  to  risk  assessments  ara 
OPNAV  tNST  41102,  *Hszardous  matsrial  control  and 
managamant''  and  BUMED  INST  6270.8,  ‘Procedures  for 
obtaining  health  hazard  assessments  pertaining  10  operation¬ 
al  use  of  hazardous  materials.'  Lika  others,  we  believe  that 
the  actuai  steps  of  risk  assessment  are  1 )  the  characterization 
of  the  exposure  of  a  risk  group,  2)  evaluation  of  experimental 
studies,  3)  calculation  of  risks  and  cases,  and  4)  calculation 
of  an  acceptable  concentration  or  other  and  point 

While  alemonts  of  risk  assassmants  as  evidanood  by  the 
historical  development  of  our  Navy  programs  are  not  new,  our 
finished  risk  assessment  strategies  have  yet  to  be  davelopad. 
We  are  stHi  primarily  involvod  with  the  first  step  of  charac¬ 
terizing  exposures  of  our  risk  groups. 

We  possess  significant  strengths  in  terms  of  the  Navy 
System  Safety  Program,  which  is  mandated  by  OPNAV  INST 
510024A  of  October  3, 1986.  Although  the  language  of  this 
instruction  does  not  specifically  identify  risk  assessment  sys- 
tsm  safety  strategies  are  useful  in  the  development  of  pr^ 
able  expoeure  scenarios. 

Na^  decision-making  is  often  a  form  of  risk  assessment 
Our  challenge  is  that  of  applying  scientific  methodoiot^, 
such  as  those  described  in  this  conference,  with  time-honored 
risk  assessment  strategies  learned  at  sea  and  in  the  field. 

Introdiiction 

In  order  for  the  Departmeat  of  the  Navy  to  withstand  tests 
of  its  ability  to  manage  occupational  hazards,  the  essentials 
of  risk  assessment  and  risk  management  have  been  ptactioed 
for  some  time.  A  wide  range  of  scdvites  afloat  and  ashore 
require  occupational  and  environmental  health  and  safety 
support  A  recent  Utenture  review  indicates  numerous  dts- 
dons  dating  from  1923. 

In  an  ere  of  increasing  budgetary  concern,  it  is  often 
difflcuh  to  justify  the  Navy  occupatioosl  and  environmental 
health  and  safety  programs.  An  understanding  of  risk  asaess- 
merts  by  managen  may  provide  important  insights  into  ef¬ 
fective  allocatioa  of  resources  and  foster  sound  decisions  on 
oootiol  measures  which  act  to  minimize  tisks.^'^ 


Hittory 

TUs  is  by  no  means  an  encompassing  review  of  all  Navy 
efforts  in  the  area  of  risk  assessment  pertinent  to  occupational 
and  environmental  health  and  saf^.  These  are  sinq)ly  il¬ 
lustrations  of  the  dedicated  efforts  of  countless  men  and 
women  who  have  devoted  their  professional  activities  to  the 
protection  of  Navy  and  Marine  Corps  persoiutel. 

1920s 

The  history  of  Navy  industrial  hygiene  and  occupational 
medicine  dates  from  1^  when  efforts  began  to  protect  civil 
servants  in  Navy  shipyards.  In  1925,  the  Philadelphia  naval 
shipyard  conducted  a  survey  of  lead  poisoning  and  lecom- 
moided  control  strategies.  The  modified  Burrell  gas  mask 
was  reconunended  as  protection  against  inhalation  of  lead 
fumes  from  shipbreaking  World  War  I  dreadnoughts. 

The  Philadelphia  was  the  scene  of  additional  effons 

to  prevent  plutnbism.^^  Sixty-two  yean  later.  Navy  Lieu¬ 
tenant  Linduy  Booher’s  paper  on  'Xead  Exposure  in  a  Ship 
Overhaul  Facility  During  P^t  Removal"  would  appear.^^^ 

19408 

World  War  n  saw  broad  occupational  health  programs 
including  preemploynient  examinations,  injury  cate,  medical 
surveillance,  and  industrial  hygiene  field  surveys.  The  or¬ 
ganization  of  medical  services  corresponded  to  the  12  naval 
districts.  Emphasis  was  placed  on  conservation  of  manpower, 
with  industrial  hygiene  and  safety  still  in  their  infincy.^^^ 
Unfortunately,  1^  1946.  industrial  health  activities  were 
demobilized.'^ 

The  shipyards  were  the  consistent  focus  of  the  Navy’s 
efforta.  Thro^  professional  associsrions  and  publications, 
we  have  alw^  benefited  from  the  efforts  of  private  shipyard 
industrial  hygienisia.  In  1943,  FJ.  ^Tiks  studied  the  vdume 
of  welding  ftnnes  produced  during  arc  welding  operations 
and  devised  alteniatives  in  terms  of  local  and  general  exhaust 
ventilation.^^ 

In  1943,  Voegtlin  and  Watts^  documented  their  largely 
onsuocessftil  treatment  of  service  members  who  had  acciden- 
tally  ingested  methyl  akohoL  It  is  somewhat  ironic  that  a 
sitidJar  alcohol  ingestion  incidett  occurred  during  Operation 
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Desert  Storm.  Today,  we  would  call  diis  area  of  endeavor 
clinical  toxicology,  but  it  is  nonetheless  part  of  the  legacy  of 
Navy  medicine. 

Criticai  mistakes  have  oocuned  in  the  assessment  of  risk. 
A  report  involving  chest  X-ray  and  microscopic  analysis  with 
respect  to  asbestos  dust  exposures  conclu^  that  the  iiH 
cidence  of  asbestosis  was  low  for  employees  with  more  dian 
20  years  of  exposure.^*^  It  is  always  important  to  understand 
critical  differences  between  survey  findings  (which  are 
preliminary)  and  true  studies  diat  reflect  proper  experimental 
design. 

19S0S 

In  the  post-World  War  n  era,  demobilization  contributed 
to  the  dem^  of  industrial  health  activities.  There  is  a  paucity 
of  published  data  ftom  the  19S0s.  A  1959  publication  ex¬ 
amined  the  nanire  of  occupational  health  and  safety  programs 
for  civilian  employees,  twting  the  role  of  the  Bureau  of  Em¬ 
ployees’  Compensation  and  the  Civil  Service  CommissioiL^^^ 

Techniques  ranging  from  general  ventilation  using  axial 
blowers  to  protective  clothing  (impermeable  suits,  head 
coverings,  goggles,  and  air-line  respirators)  were  used  during 
the  19505.  These  techniques  were  an  attempt  to  minimize  the 
risks  of  explosion  and  worker  exposures  to  methyl  isobutyl 
ketone  and  diluent  toluene  used  in  spray-painting  ship  interior 
spaces.^*^^  Heavy  emphasis  was  still  placed  on  explosion 
potential 

VMNamto  1992 

In  the  1960s,  Public  Laws  658  and  1028  formed  the 
legislative  foundation  for  the  Navy’s  program,  which  in¬ 
cluded  treatment  of  occupational  injuries  and  illnesses,  emer- 
geiKy  treatment  of  on-the-job  illnesses  and  medical 
conditions,  and  other  activities.^' One  of  the  precipitating 
factors  in  the  development  of  Navy  occupationtd  safety  and 
health  programs  was  the  hl^y  publicize  series  of  artcraft 
carrier  fires  of  the  1960s.^'^ 

Special  duty  assignments  such  as  diving  and  other  spe¬ 
cial  ararfare  skills  also  prompted  the  development  of  special 
techniques  and  assessments.  CoUison  et  al.''^'  pioneer^  the 
development  of  a  direct  and  rapid  gas  chromatographic  pro¬ 
cedure  for  the  determimtion  of  carbon  monoxide  in  Mood  in 
which  the  carbon  monoxide  normally  bound  to  hemoglobin 
is  released.  The  method  was  applied  to  Navy  divers.^ Given 
the  recem  heightened  interest  in  bioaerosol  monitoring,  it  is 
somewhat  ironic  that  Wright  et  al^'^'  addressed  bioaerosol 
considerations  relative  to  habitability  and  health  issues  u 
early  as  1968. 

The  linkages  between  industrial  hygiene  and  safety  were 
crucial  to  the  development  of  Navy  safety  and  health 
programs  in  the  yean  following  passage  of  the  Occupational 
Safety  and  Health  Act  in  1970.  A  prime  example  of  risk 
assesments  peculiar  to  the  Navy  can  be  found  in  the  case  (ff 


Otto  Fuel  n.  a  liquid  prt^llant  used  for  MK-  46  and  MK-48 
torpedoes.  Rivera"^  published  one  of  the  first  p^roa  regard¬ 
ing  this  propellant  in  US.  Naty  Medicine.  Tht  critical  nature 
of  subrtuuine  atmospheres  has  contributed  to  expertise  in 
terms  of  90-day  erqxrsure  standards  for  chemicals.^^  There 
is  no  nwre  Navy-unique  area  of  risk  assessmem  than  this  type 
of  analysis. 

Sometimes  our  failures  have  attracted  as  much  attention 
as  our  successes.  When  an  automated  film-developing  ma- 
diine  was  iiKonectly  coiuwcted  to  a  ship’s  drinking  water 
lines,  544  crewmen  succumbed.  Symptoms  included  gastro¬ 
intestinal  disease  and  elevated  white  blood  cell  counts.^'^ 
Ship  design  and  repair  continue  to  be  two  very  important 
areas  for  risk  assessment 

The  1980s  saw  a  major  attempt  to  develop  a  com¬ 
puterized  system  to  monitor  medi^  infoimation  and  to 
generate  lists  of  hazardous  substances.^'*'  The  electronic 
basis  for  Navy  occupational  arxl  environmental  health 
recordkeeping  is  undergoing  vast  changes  at  present  Navy 
authors  have  also  played  prominent  roles  in  assessments  with 
respea  to  composite  fiber  field  studies  in  recent  times.^'^' 

The  preceding  discussion  does  not  encompass  all  oc¬ 
cupational  health  efforts  in  the  area  of  risk  assessment;  for 
example,  there  are  many  contributions  made  by  the  Navy 
Medical  Research  Institute  (Toxicology  Detachment)  thtt 
will  be  outlined  later  in  this  volume. 

Regulatory  Framework 

Key  documents  pertinent  to  risk  assessments  are 
OFNAV  INST  4110.2,  Hazardous  material  control  and 
management,"  and  BUMED  INST  6270.8,  "Procedures  for 
obtaining  health  hazard  assessments  pertaining  to  operational 
use  of  hazardous  materials." 

Planners  often  speak  of  conceptual  models  of  activities. 
The  Navy  conceptual  framework  for  chemical  risk  assess¬ 
ments  is  built  arouixl  a  medical  model.  This  basically  means 
that  we  are  sensitive  to  certain  past  errors  that  have  led  to 
overexposure  and  have  resulted  in  disease.  Moving  beyond 
the  assessment  of  risk,  we  have  devised  systems  of  analysis 
and  remediation  that  seek  to  extend  coverage  to  related  sub¬ 
stances  and  to  similar  exposure  scenarios. 

As  an  occupational  health  team,  we  woik  with  safety 
professionals  and  managers,  health-care  providers,  and  in¬ 
dividuals  specifically  trained  in  occupatioiud  health,  includ¬ 
ing  physicians,  nurses,  industrial  hygienists,  and  others. 
Although  it  might  seem  thatahighly  organized  scheme  would 
work  best  for  risk  assessment,  it  is  also  true  that  diversity  of 
interests  leads  to  a  desirable  synthesis. 

An  examination  of  federal  legislation  and  regulation 
regarding  toxic  substances  will  reveal  that  early  efforts 
directed  at  limiting  toxk  releases  or  concentrations  in  media 
have  moved  toward  a  more  thorough  examirutfion  of  a 
material’s  characteristics  before  its  use.  Since  1973,  federal 
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health  and  safety  statutes  have  adopted  a  general  safety 
standard  of  "unreasonable  risk"  (e.g..  Consumer  Product 
Safety  Act  of  1973,  the  Federal  Environmental  Pesticide 
Control  Act  of  1973,  and  the  Toxic  Substances  Control  Act 
of.  1976). 

While  we  to  date  have  not  adopted  "acceptable  lifetime 
risk"  figures,  the  Navy  has  followed  this  gen^  pattern  by 
moving  toward  controls  related  to  the  introduction  and  dis¬ 
semination  of  hazardous  materials. 

We  are  students  and  observers  of  this  conference  and 
other  forums  for  dissemination  of  information  concerning  the 
"accqrtable  lifetime  risk"  issue.  Although  the  Occupatioiud 
Safety  and  Health  Administration  (OSHA)  tiuy  use  the 
criterion  of  1  "cancer"  death  per  1000  woikers  (1:1000)  as  an 
acceptable  lifetime  risk,  others  agencies  differ.  The  Nuclear 
Regulatory  Commission  (NRQ  opts  for  the  ratio  of  1 :4(X)  for 
occupational  exposures,  whereas  the  Food  and  Drug  Ad¬ 
ministration  (FDA)  has  interpreted  court  decisions  to  mean 
that  a  lifetime  risk  of  1 : 1 ,000,00  is  a  de  miiumu  level  of  cancer 
risk  (e.g.,  insignificant  and  therefore  acceptable).  The  Navy 
precedent  is  probably  based  on  radiation  exposures  where  we 
closely  followed  the  NRC's  recommendations. 

We  must  remember,  however,  that  individuals  may  be 
exposed  to  a  mixture  of  many  substances  both  on  the  job  and 
away  from  the  work  site.  Thus,  the  issue  is  one  of  assessing 
integrated  exposures.  Modem  techniques  of  biological  moni¬ 
toring  and  medical  surveillance  must  be  coupled  with  tradi¬ 
tional  air  sampling  methodologies. 

The  Navy  has  developed  procedures  for  obtaining  health 
hazard  assessments  pertaining  to  operational  use  of  hazard¬ 
ous  materials  (BUMED  INST  6270.8  of  June  6, 1990).  This 
instruction  has  the  trivalent  goal  of  1)  minimizing  health 
hazards  posed  by  materials  or  systems  under  development,  2) 
establishing  formal  procedures  for  obtaining  additional 
toxicological  information  for  those  nuierials,  and  3)  assign¬ 
ing  responsibilities  within  the  Navy  Medical  Department  for 
pofotming  risk  assessments. 

By  viewing  research  and  development  in  life  sciences  as 
integral  to  all  other  research  activities,  BUMED  INST  6270.8 
atterrqits  to  ensure  that  risk  assessments  are  performed  early 
in  the  process.  Not  only  is  there  a  question  concerning  new 
materials,  but  the  assessment  process  must  extend  to  new  uses 
of  existing  materials. 

One  of  the  key  elemems  of  OFNAV  INST  41 10.2  is  the 
use  of  the  term  "life-cycle  nuterial  and  equipment  require¬ 
ment."  Whh  this  term  is  a  realization  that  the  problems  we 
encounter  continue  through  our  use  and  disposal  (e.g.,  recy¬ 
cling)  of  substances. 

Navy  rUsk  AsMMWiwntt 

Like  others,  we  believe  that  the  actual  steps  of  risk 
assessment  are  1)  the  characterization  of  the  exposure  of  a 
risk  group.  2)  evaluation  of  experimental  studies,  3)  calcula¬ 


tion  of  risks  and  cases,  arxl  4)  calculation  of  an  acceptable 
ctmcentration.^^®^ 

We  similarly  recognize  the  classification  of  the  risk 
assessment  process  into  four  broad  components:  hazard  iden¬ 
tification,  dose-response  assessment,  exposure  assessment, 
and  risk  characterization.^’^ 

Although  elements  of  risk  assessments  are  not  new,  as 
evidenced  by  the  historical  developmem  of  our  Navy 
programs,  our  finished  risk  assessment  strategies  have  yet  to 
be  fiilly  developed.  We  are  still  primarily  involved  in  the  first 
of  four  steps;  i.e.,  characterizing  exposures  of  our  risk  groups. 
As  always,  this  mearts  consideration  of  the  human  focus  of 
the  exposure,  the  concentration  of  exposure,  the  route  of 
exposure,  the  duration  of  exposure,  and  the  nature  of  exposure 
to  other  toxic  materials  that  may  be  concurrently  released. 

Intense  regulatory  pressures  and  workers'  compensation 
claims  have  combined  to  narrow  our  interest  primarily  to 
occupational  issues.  We  are  in  the  process  of  broadening 
these  techniques  to  include  other  environmental  concerns. 
Although  we  attenqx  to  describe  exposures  to  particular 
individuals,  we  still  suffer  information  shortfalls  in  terms  of 
inferential  means  of  applying  these  results  to  other  in¬ 
dividuals  (whose  work  patterns  may  differ). 

Characterization  of  the  Exposure  of  a  Risk  Group 

One  of  the  most  useful  techniques  is  the  preliminary 
description  of  a  possible  exposure  scenario.  This  usually 
involves  asking  a  series  of  questions  as  to  the  nature  of  the 
release  (e.g.,  when,  where,  and  how  the  release  may  occur; 
what  is  in  its  viciirity;  and  what  is  known  about  the  amounts 
and  characteristics  of  the  released  agent).  Remembering  that 
this  represents  a  hypothetical  scenario,  some  means  of  or¬ 
ganizing  these  factors  is  necessary. 

One  very  useful  way  to  organize  events  is  to  use  an 
evem-tree  or  other  system  safety  device.  The  U.S.  Navy  has 
significant  strengths  in  terms  of  the  Navy  System  Safety 
Program,  as  mandated  by  OPNAV  INST  S1(X).24G.  Al¬ 
though  the  language  of  this  instruction  does  not  specifically 
identify  risk  assessment,  the  instruction  is  specific  in 
commanden’  requirements  that  their  subordinates  must  "es¬ 
tablish  procedures  to  ensure  timely  follow-up  to  correct  iden¬ 
tified  hazards,  and  document  with  proper  justification 
maruigemem  decisions  to  accept  risks  associated  with  iden¬ 
tified  hazards." 

EvafuaHon  of  Human  and  Animal  Studio 

Other  Parers  in  this  volume  will  outline  the  qualitative 
nd  quantitative  evaluation  of  human  and  animal  studies, 
which  involves  weighing  many  aspects  of  the  respective 
experiments.  The  calculation  of  ri^  and  cases  fw  iran- 
ihreahold  and  threshold  toxicants  follows  this  step. 

MuchofthisworkisaasignedtodieToxicoiogyDetach- 
mem.  The  mission  statemem  of  the  Navy  Medical  Research 
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Institute  (NAVMEDRSCHINSTmJTE  INST  54S0.1D  of 
November  26,  1990)  charges  this  detachment  to  fonnulate 
occupational  and  environmental  health  hazaid  evaluations 
and  risk  assessments,  including  appropriate  peisoiuiel  ex¬ 
posure  limits.  It  also  charges  the  Toxicology  Detachmem  to 
develop  and  maintain  a  cadre  of  Naval  personnel  skilled  in 
the  disciplines  of  toxicology,  health  hazaid  evaluations,  and 
risk  assessment 

Assigning  Acceptable  Concentrations 

Historically,  we  have  relied  upon  OSHA's  Permissible 
Exposure  Limits  or  the  Threshold  Limit  Values  and  Biologi¬ 
cal  Exposure  Indices  from  the  American  Conference  of 
Governmental  Industrial  Hygienists  for  the  interpretation  of 
occupational  exposures.  It  is  becoming  more  incumbent  upon 
us  to  derive  acceptable  concentrations,  not  only  for  workroom 
air  but  also  for  other  media  and  environments.  As  it  becomes 
more  difficult  to  complete  this  task,  we  are  made  aware  of  the 
presence  of  paiticulariy  susceptible  individuals  in  the  work¬ 
place  for  whom  such  standards  may  be  misleading. 

Although  the  Departmem  of  the  Navy  is  not  a  regulatory 
agency ,  we  are  afreet^  in  our  thinking  by  confusion  concern¬ 
ing  the  use  of  conservative,  realistic,  and  worst-case  exposure 
scenarios.  Regulatory  agencies,  most  notably  the  U.S.  En- 
viroiunental  Protection  Agency,  have  been  affected  by  Ex¬ 
ecutive  Orders  12291  and  12498,  which  reflect  the  Office  of 
Management  and  Budget’seoneem  over  worst-case  exposure 
scenarios.  Numerous  cases  exist  in  which  there  is  difficulty 
in  assigning  the  sceruoio  conditions. 

Lmsoto  Lnamad  from  Operation  Desert  Storm 

Chemical  and  BioiogicaJ  Wes^ns  Defense 

Chemical  and  biological  agents  iruiy  be  of  the  ordinary 
type  or  they  may  be  warfare  specific.  Before  and  during 
Operation  Desert  Storm  (ODS),  efforts  were  focussed  on 
many  elements  of  risk  assessment  relative  to  chemical  and 
biological  weapons.  Ironically,  while  use  of  these  instruments 
of  human  misery  was  curtailed,  the  Iraqis  set  hundreds  of  oil 
wells  on  fire  and  released  million-gallon  quantities  of  crude 
oil  into  the  Persian  Gulf. 

In  our  assessmem  of  military  risks  pertinent  to  chemical 
ageiMs,  we  must  now  acknowle^  the  combined  eflects  of 
warfne  agents  plus  petroleum  and/or  warfrne  agents  plus 
industrial  chennicals.  We  must  address  the  purposeful  use  of 
industrial  chemicals  for  lethal  purposes.  Critical  issues  exist 
with  respect  to  monitoring  arid  decontaminating  chemical 
warfne  agents  when  industrial  pollutants  are  present 

One  serious  challenge  in  developing  a  conceptual 
framework  for  protection  from  or  neutralization  of  biological 
and  chemical  agents  is  that  it  is  difficult  to  envision  the 
purposeftil  use  of  toxic  substances.  Workers  are  infrequently 
exposed  to  dny,  almost  immeasurable  conoentiationa;  in  con¬ 


trast  enormous  concentrations  of  chemical  substances  may 
exist  on  a  battlefield  and  extend  to  civilian  communities. 

The  use  of  chemical  and  biological  weapons  is  not  an 
issue  for  only  military  persomwl.  These  weapons  are 
prohibited  because  they  do  not  discriminate  between  military 
and  civilian  populations.  If  unleashed,  these  agents  will  have 
significant  effects,  beginning  with  the  very  young,  the  very 
old,  aitd  the  most  infirm  individuals,  all  of  whom  are  most 
susceptible  to  toxic  substances.^^ 


As  clouds  of  dense  smoke  rose  from  the  burning  oil  fields 
of  Kuwait,  data  concerning  the  nature  of  exposures  to  United 
States  personnel  became  critical.  It  was  necessary  to  record 
and  archive  these  transient  exposure  conditions. 

Siiiqrle  monitoring  of  combustion-product  pollutants 
was  condhicted,  along  with  evaluation  of  fire  safety  proce¬ 
dures.  Using  a  team  skilled  in  occupational  and  environmen¬ 
tal  health  aitd  safety,  multi-agency  monitoring  has  begun  to 
address  exposures  to  crude  oil,  volatile  hydrocarbons,  sulfur- 
containing  compounds  such  as  hydrogen  sulfide,  combustion 
products,  and  other  agents  and  stressors. 

Exposure  monitoring  was  intended  to  form  the  basis  for 
the  design  of  epidemiologic  studies.  When  critical  exposures 
are  identified,  we  will  seek  to  identify  both  exposed  atxl 
unexposed  groups.  From  a  health  effects  standpoint,  we  wish 
to  examine  the  spectrum  that  begins  with  exposure  and  pos¬ 
sibly  extends  tiuough  the  stages  of  bioch^cal  and  his- 
topathological  changes,  organ  system  dysfunction,  and 
organismal  disability. 


Concern  obviously  exists  because  of  the  ecotoxicoiogi- 
cal  hazards  stemming  from  the  oil,  its  constituents,  and  its 
combustion  products.  Operation  Desert  Storm  contains  im¬ 
portant  lessons  related  to  occupational  and  envirotunental 
health.  The  importance  of  these  lessons  is  underscored  by 
operational  issues  that  require  detailed  assessment  of  risks 
and  hazards. 
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U.S.  Army  Approach  to  Environmental 
Risk  Assessment 


Paul  R.  Thies 

U^.  Army  Environmental  Hygiene  Agency,  Aberdeen  Proving  Ground,  Maryland  21010'5422 


The  following  is  die  abstraa  of  the  presentation  by  Mr.  Thies. 
Hispaper  is  not  available  for  pubUcttdon  at  this  time. 

The  U.S.  Army  began  the  Installation  Restoration  Pro¬ 
gram  in  1972.  Currantly,  the  Health  Risk  Assessment  (HRA) 
documentation  is  preparad  by  contractorsduring  the  Remedal 
Investigation/Feasibility  Stu^  (Rl/FS).  Although  members  of 
the  Army  Msdical  Department  have  informally  reviewed  the 
HRA  documents  since  the  mid-1980s,  the  U.S.  Army  Environ¬ 
mental  Hygiene  Agency  (USAEHA)  was  formally  tasked  to 
perform  the  technical  review  in  1989. 


USAEHA  uses  a  matrix  of  environmental  scientists,  en¬ 
gineers,  toxicologists,  and  physicians  to  provide  technical 
review  of  all  documents  nivolving  HRA  from  the  initial  Scope 
of  Work  m  the  Rl/FS  process  through  the  final  review  of  the 
Record  of  Decision.  In  addition,  US/^EHA  provides  limited 
kt-house  fMd  data  collection  and  HRA  documentation 
preparation,  and  coordinates  the  Army  involvement  with  the 
Agency  fOr  Toxic  Substances  and  Disease  Registry. 

To  data,  USAEHA  has  reviewed  over  300  documents, 
prsparad  5  HRAs,  and  saved  the  U.S.  Army  over  $20  million 
by  correcting  inajor  flaws  with  contractor-prcnnded  docurnents. 
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Risk  Assessment/Risk  Management  for  Emergency 
Response  Operations 

Edward  C.  Bishop 

Office  of  the  Air  Force  Surgeon  General.  HQ  USAF/SGPA.  Bolling  AFB,  Washington,  DC  20332-6188 


A  basic  approach  to  risk  as&aasmantfrisk  managamant 
appliad  to  oparational  and  amargancy  rasponsa  scanarios  is 
diacu8sad.Exampla8highlighttogproblamsandsucca88asin 
implainanting  tha  modal  aro  also  praaantad.  Applications  vary 
from  conditions  whore  tha  hazardous  matarial  of  intarest  is  an 
Air  Foroo  uniqua  matariai  and  invoivss  a  iimitad  Air  Force 
popuiation  at  risk,  to  conditions  where  potsntiai  exposures 
involva  the  public  Also  discussed  is  Air  Force  participation  in 
tha  risk  assessmanVrisk  managamant  process  tor  hazardous 
matarials  that  are  not  uniqua  to  tha  Air  Force.  A  formal  policy 
framework  tor  implam^ng  the  risk  assassmant/risk 
managamant  modal  to  ensure  Air  Force  amployeas  and  tha 
public  are  protected  to  an  aocaptabla  risk  la^  is  proposed. 

Introduction 

The  assessment  and  management  of  risks  associated  with 
the  use  of  new  or  existing  hazardous  materials  is  an  important 
aspect  of  weapon  system  support.  The  following  discusses  a 
risk  assessment/risk  management  (RA/RM)  model  applied  to 
operational  and  emergency  response  scenarios.  Examples  are 
presented  to  demonstrate  the  application  of  the  model  to  Air 
Fbtce  operations. 

Opwotional  RA/RM  MocM 

Risk  assessment  is  the  process  of  determining  the  ex¬ 
posure  level  that  will  protect  the  affected  population  from 
aspecified  risk  of  developing  disease  The  basic  RA/RM 
tiKxlel  shown  in  Figure  1  depicts  risk  assessment  developed 
from  both  a  hazard  assessment  and  an  exposure  assessmettt. 
It  is  important  to  note  these  are  dqwndetit  assessments.  Risk 
managemem  is  the  process  of  considering  the  risks  and  im- 
pkmenting  the  risk  assesament  in  the  opetatioa. 

Hrard  AsMMiiMnt 

Within  the  Air  Force,  hazard  assessment  can  be  further 
broken  down  into  prospective  and  retrospective  hazard  as¬ 
sessments.  Prospective  hazard  assessments  are  performed  on 
new  or  existing  materials  for  which  there  are  few  toxicologi¬ 
cal  datt  on  which  to  base  the  assesament  Preferdriy,  this  is 
done  at  the  beginning  of  weapon  system  development  To  this 
end,  the  Air  Force  has  established  offices  in  the  major  weapon 


systems  development  divisions  to  evaluate  hazardous 
materials  prior  to  incorporation  into  the  weapon  system. 

Ideally,  these  offices  will  identify  candidate  hazardous 
materials  to  the  Toxicology  Division  of  the  Occupational  atxl 
Environmental  Health  Directorate  of  Armstrong  Laboratory. 
AiyOET.  Wright-Patterson  AFB.  Ohio,  for  hazard  assess¬ 
ments.  The  research  toxicologists  at  AL/OET  evaluate  exist¬ 
ing  human  and  animal  toxicology  data  and  initiate  research 
to  fill  the  identified  data  gaps. 

Animal  exposures  are  performed  in  the  Thomas  Ex¬ 
posure  Domes.  AL/OET  was  involved  in  the  initial  develop¬ 
ment,  and  it  continues  to  be  a  leader  in  the  rapidly  developing 
field  of  toxicokinetics.  Toxicokinetics  involve  the  identihea- 
tion  of  an  animal  model  with  a  ntetabol-ic  pathway  similar  to 
hutrums  for  the  hazardous  material  of  interest  Effects  in  the 
anirtuU  model  are  then  scaled  using  toxicokinedc  methods  to 
estimate  the  effect  in  humans.  This  toxicokinetic  method 
provides  a  more  accurate  hazard  assessment  of  the  hazardous 
material  in  humans  than  the  nonruJ  inter-  and  intraspecies 
extrapolation  techniques  of  traditional  toxicology.  The 
AL/OET  also  has  the  in-house  and  contract  capability  to 
perform  predictive  in  vitro  toxicology  screens  such  as  en¬ 
zyme  release,  mechanism  of  action,  and  getKtic  testing. 

Retrospective  hazard  assessments  are  performed  on  haz¬ 
ardous  materials  for  which  toxicology  data  already  exist.  The 
hazard  assessment  nuy  be  required  because  the  hazardous 
material  is  new  to  the  Air  Force  or  because  the  Air  Force  is 
considering  a  new  aiqrlication  for  an  existing  hazardous 
nuaerial.  Retrospective  hazard  assessments  are  performed  by 
toxicologists  a^  epidemiologists  at  the  Occupational 
Medicine  Division,  Occupational  and  Enviroranental  Health 
Directorate  of  Armstrong  Laboratory,  Brooks  AFB,  Texas 
(AL/OEM).  They  evaluate  existing  toxicology  and 
epidemiology  data  and  exposure  guidelines  to  perform  the 
hazard  assessment  Significant  toxicology  data  gaps  are 
referred  to  the  Toxicology  Division.  Often  this  review  will 
directly  result  in  the  risk  assessment  based  upon  exposure 
guidelines  (risk  assessments)  for  similar  materials.  An  ex¬ 
ample  of  this  alternative  is  the  risk  assessment  for  JP-4  Jet  fuel 
based  upon  published  risk  assessments  for  similar  hydrocar¬ 
bon  materials. 
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Chemical  Risk  Assessment 


FIGURE  1.  OpentkMHl  RA/RM  modeL 


Exposure  Assassinwit 

The  other  major  component  of  the  risk  assessment  is  the 
exposure  assessment  which  identifies  the  levels  and  routes  of 
likely  exposure  to  the  hazardous  material.  Air  Force  exposure 
assessments  are  primarily  performed  by  industrial  hygienists 
assigned  to  the  AL/OEM.  The  exposure  assessment  identifies 
the  population  at  risk.  It  determines  if  exposures  are  limited 
to  Air  Force  personnel  or  if  there  is  the  potential  for  public 
exposure.  It  also  identifies  the  potential  for  exposing  sensitive 
subgroups  such  as  children,  fertile  females,  asdimatics,  etc. 
Potential  public  exposures  of  Air  Force  interest  itKlude  emer* 
gency  response  operations  involving  the  accidental  release  of 
rocket  propellants. 

Also  key  to  the  exposure  assessment  is  evaluation  of  the 
analytical  methods  to  measure  exposures  accurately. 
Methods  must  be  available  to  determine  airbortK  and  surface 
contamination  levels  when  appropriate.  Implementing  a  risk 
assessment  requiring  a  very  low  acceptable  exposure  is  quite 
difficult  if  the  exposures  cannot  be  measured.  Also  important 
to  the  exposure  assessment  is  the  identification  of  any  biologi¬ 
cal  markets.  Biological  markers  can  be  a  very  useful  adjunct 
to  other  eiqxMure  monitoring. 

The  exposure  assessment  must  also  address  the  potential 
levels  of  exposure  to  the  population  at  risk.  This  can  be 
accomplished  from  actual  measurements,  comparison  with 
measurements  from  analogous  hazardous  msKrials  from 
similar  operations,  engineering  calculations  of  evaporation, 
and  dispmion  models  in  the  case  of  spills.  Surtece  con¬ 
tamination  must  also  be  addressed  for  materials  with  low 
vapor  pressure.  Exanqrles  include  polychlorinated  biphenyls 
and  dioxins  in  transformer  fires  and  methylene  dianiline 
associated  with  curing  of  composite  materials. 

Potential  exposure  patterns  tmiat  be  determined  or  es- 
tirmurd.  Will  the  exposures  occur  daily  as  in  occupational 
exposures  or  is  the  potential  for  exposure  once  per  lifetime, 
as  is  assumed  for  accidental  exposures?  Ihis  once-per- 


lifetime  exposure  is  the  basis  for  the  Gxrunittee  on  Toxicol¬ 
ogy  (CoT)  Short-Term  Emergency  Public  Exposure  Guide¬ 
lines  (SPEGL).  In  addition  to  frequency,  durruion  is  also  a 
factor  in  determining  exposure  assessments.  Will  the  ex¬ 
posure  be  relatively  short  as  in  the  case  of  spills  (the  time  for 
the  cloud  to  pass  or  for  evacuation  to  occur)  or  will  the 
exposure  be  8  hours  per  day  in  the  occupational  setting? 


The  hazard  assessment  and  exposure  assessment  are 
integrated  to  produce  the  risk  assessment  —  the  acceptable 
exposure  level.  Risk  assessments  are  usually  performed  by 
industrial  hygiene  or  toxicology  consultants.  However,  they 
may  also  be  performed  at  our  installations  by  the  base  bioen- 
vironmental  engitteering  services  (BES)  office.  The  BES 
personnel  measure  exposure  and  compare  the  results  to  ex¬ 
posure  guidance  for  similar  hazardous  nuoerials  and  (qrera- 
tions  to  determine  the  risk  assessment  to  the  Air  Fence 
employees.  The  BES  personnel  may  also  contact  an  Air  Force 
consultant  firom  the  Armstrong  Laboratory  for  additional 
guidance  in  the  risk  assessment  These  consultants  have  ad¬ 
ditional  resources  available  and  often  have  expertise  in 
specific  hazardous  material  areas. 

The  risk  assessment  can  also  be  performed  by  existing 
outside  consultant  contractors.  For  installation  restoration 
program  (IRP)  sites,  health  assessments  are  performed  by  the 
Agency  for  Toxic  Substances  and  Disease  Registry  of  the 
Cotters  for  Disease  Control.  (Department  of  Defense  IRP 
sites  are  similar  to  the  civilian  Superfund  sites.)  The  more 
usual  approach  for  Air  Force  unique  hazardous  materials  or 
operations  is  to  request  the  C^T  to  develop  the  risk  assess¬ 
ment  This  is  especially  appropriate  when  the  potential  for 
public  exposure  exists.  The  independent  third  party  review 
by  diis  eminent  body  of  scientists  is  extremely  valuable  in  our 
efforts  to  both  ensure  and  comraunicate  our  commitment  to 
public  safety. 


The  Air  Force  addresses  risk  assessments  for  car¬ 
cinogens  differently  from  other  hazardous  materials.  For 
carcinogens,  the  acceptable  risk  appears  to  be  in  the  range  of 
one  cancer  case  per  10,000 exposed  ( lO"*)  to  one  cancer  case 
per  million  exposed  (10~^.  Although  this  is  not  published  in 
the  literature,  the  Occupational  Safety  and  Health  Ad¬ 
ministration  (OSHA)  usually  regulates  workplace  exposures 
to  carcinogens  to  a  risk  of  approximately  I0~*.  Tte  U.S. 
Environmental  Protection  Agency  (EPA),  however,  usually 
regulates  carcinogens  to  10  .  The  difference  in  rationale  is 
due  to  the  difference  in  the  exposure  assessments.  OSHA 
assumes  a  healthy  workforce  exposed  8  houra  per  day.  5  days 
per  week  for  a  ^year  woridng  lifetime,  whereas  the  EPA 
assumes  the  general  public  is  exposed  24  hours  per  day  for  a 
70-year  lifetime.  The  general  public  iiKludm  sensitive 


Risk  Assessment 


Cardmf^n  Risk  Assessment 


Bishop 


13 


populations  such  as  children,  elderly,  infirm,  etc. 

Based  iqwn  the  hazard  assessment  (total  dose  per  unit 
time),  dw  acceptable  risk  exposures  are  calculated  for  the 
at-risk  population  using  a  linearized,  multistage  model.  As  an 
example,  die  SPEGL  for  unsymmetrical  dimethyl  hydrazine 
(UDMH)  (a  rocket  propellant)  is  24  ppm  for  1  hw.  The 
hazard  assessment  was  based  upon  a  carcinogenic  risk  of  1 0~* 
for  Fischer  344  rats  for  a  2-year,  continuous  exposure  at  0.0 1 
ppm.  The  exposure  assessment  for  a  l-hour,  once-per- 
lifotime  exposure  results  in  the  risk  assessment  expressed 
above  as  a  SPEGL. 

Noncardnogen  RiskAss^ment 

For  noncaicinogens,  the  more  traditional  toxicology  ap¬ 
proach  is  used.  First,  the  No-Observed-Adveise-Effect  Level 
(NOAEL)  or  Lowest-Observed-Adverse-Effect  Level 
(LOAEL)  is  demmined  from  animal  data.  To  this  value, 
safety  factors  of  tenfold  for  interspecies  and  another  tenfold 
for  intiaspecies  differences  are  added.  Other  foctors  may  be 
added  to  account  for  tow-  verses  no-observed  adverse  effect 
and  sensitive  populadtms. 

The  risk  assessment  for  monomethyl  hydrazine  (MMH) 
(a  rocket  propellant)  resulted  in  a  SreGL  ^  QSl  ppm  for  1 
hour.  This  was  based  upon  dose-related  hemolytic  anemia 
with  Heinz  body  formation  in  dogs  chronically  exposed  (6 
hours  per  day,  5  days  per  week  for  6  months)  at  0.2-5.0  ppm 
MMR  This  is  equiv^ent  to  156  ppm  for  1  hour.  Applying 
the  lOB-fold  safety  factors  for  species  differences  and  a  3-fold 
foctor  to  account  for  the  LOAEL  verses  the  NOAEL  yields 
the  0  J2  ppm  SPEGL. 

Risk  ItanageiiMiit 

Risk  management  is  the  implementation  of  the  risk  as¬ 
sessment  to  ensure  all  affected  populations  ate  protected  to 
the  underlying  risk  assumptions  used  to  develop  the  hazard 
and  exposure  assessments.  Risk  management  is  practiced 
daily  at  Air  Force  installations.  The  BES  personnel  compare 
mettured  or  estimated  exposures  levels  to  risk  assessment 
information  and  recommend  protective  measures. 

Managing  risk  may  be  acctmqilished  by  using  safer 
substitutB  materials.  When  this  is  not  possible,  engineering 
controls  are  the  method  of  choice  to  protect  die  potentially 
exposed  populatioiL  Adminittrative  controls  can  be  used  to 
minimize  die  period  of  exposure.  However,  this  is  generally 
limited  to  radiation  exposures  and  is  not  used  to  protect 
against  hazardous  material  exposures.  Personal  protective 
equipment,  primarily  in  the  form  of  respirators,  may  also  be 
used  to  minimize  exposures.  In  the  case  of  potential  public 
exposure,  models  predict  the  dispersion  of  the  hazardous 
material  and  operations  are  halted  if  public  exposure  above 
the  SPEGL  is  possible  in  the  event  of  an  accident  This 
approach  is  roudnely  used  to  protect  the  public  during  rocket 
launches. 


An  important  aspect  of  risk  management  is  risk  com¬ 
munication.  It  is  impoitam  that  the  potentially  exposed 
population  understands  the  risk  and  efforts  to  minimize  this 
ri^  Title  m  of  the  Superfund  Amendments  and  Reauthoriza- 
don  Act  (SARA)  requires  users  and  storers  of  hazardous 
materials  to  nodfy  the  surrounding  community  of  the  types, 
quantities,  and  hazards  as  well  as  the  risk  of  accidental 
release.  It  also  requires  coordination  of  emergency  response 
actions. 

The  OSHA  Hazard  Communication  Standard  (29  CFR 
1910.1200)  requires  that  all  hazardous  materials  be  evaluated 
to  ensure  that  hazards  are  identified  and  that  this  information 
is  transmitted  to  the  worker.  This  is  accomplished  through  1) 
labeling  and  material  safety  data  sheets  that  provide  safety 
and  health  information  on  the  hazardous  nuuerials,  and  2) 
training  on  their  hazards. 

Risk  Assessment  Problems 

Problems  in  risk  assessment  can  occur  when  the  risk 
assessment  is  not  coordinated  with  the  appropriate  offices, 
thereby  failing  to  consider  all  aspects  of  the  risk.  Problems  in 
risk  managemem  can  occur  when  too  much  emphasis  is 
placed  on  the  operational  considerations  at  the  expense  of  the 
health  aspects  of  the  risk  assessment 

Problems  can  affect  Air  Force  health  policy  when  a  risk 
assessment  is  developed  or  concurs  with  an  exposure 
guideline  without  the  approval  of  the  Air  Force  Surgeon 
General.  This  may  establish  an  Air  Force  standard,  which  is 
the  authority  of  the  Air  Force  Surgeon  General.  The  risk 
assessment  can  also  affect  mission  operations.  For  example, 
arecent  assessment  of  isocyanate  painting  operations  resulted 
in  adecision  by  the  operators  to  eliminate  polyurethane  paints 
on  the  weapon  system  and  to  search  for  a  suitable  substitute. 
The  risk  assessment  was  not  coordinated  and  may  have 
overestimated  the  hazard. 

The  Air  Force  has  the  ability  to  perform  top-quality  risk 
assessments.  However,  consultants  developing  these  risk 
assessments  may  not  realize  the  overall  Air  Force  implica¬ 
tions  of  these  assessments.  Problems  associated  with  the  risk 
assessments  developed  within  the  Air  Force  are  primarily  a 
result  of  the  lack  of  a  formal  policy  framework  for  the 
development,  coordination,  and  dissemination  of  risk  assess¬ 
ments. 

An  example  of  a  problem  associated  with  hazard  assess¬ 
ment  occurred  in  the  area  of  indoor  air  quality.  Our  consult¬ 
ants  recommended  a  lower  level  of  carbon  dioxide  than 
indicated  in  other  consensus  standards.  Although  the  indoor 
air  quality  of  the  office  in  question  may  have  nee^  improve¬ 
ment,  the  very  low  recommended  levels  resulted  in  30  dif¬ 
ferent  bargaining  issues  with  the  local  union.  This  almost 
resulted  in  arbitration  and  the  associated  problems. 

A  probable  arudytical  error  nearly  resulted  in  an  Air 
Force-wide  alert  to  evaluate  all  family  housing  units  for 
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meiciify.  Afocuiy  is  used  in  latex  paints  as  a  fingkide.  An 
exposure  assessment  was  initiated  after  a  woman  was  diag- 
no^  as  suffering  from  mercury  poisoning  several  months 
after  her  husband  painted  their  quarters  mth  a  meicuiy-con* 
taining  latex  paint  Initial  sample  results  indicated  extremely 
hi^  mercury  levels  1  year  after  the  painting.  Alteough  it  is 
possible  the  woman  did  receive  sufficient  mercury  to  exhibit 
symptoms  of  mercury  poisoning,  this  was  probably  due  to  the 
high  levels  present  inunediately  after  spray  painting.  Follow¬ 
up  sampling  resulted  in  levels  within  guidelines,  which  were 
pnrixably  mme  representative  of  actual  conditions. 

Isocyanates  are  an  example  of  problems  incurred  in  the 
risk  assessment  The  initial  hazard  assessments  are  baaed 
upon  exposure  to  isocyanate  vapors.  Wife  the  reformulation 
of  polyurethane  coatings,  the  primary  source  of  isocyarute 
exposures  in  the  Air  Force  is  isocyanates  in  aerosols,  not  in 
vapors.  The  analytical  method  to  determine  the  exposure 
assessment  is  also  questionable  because  it  samples  the  vapor 
and  is  less  effective  in  capturing  the  aerosol  component 

Probtems  in  Risk  Managemant 

The  risk  assessment  levels  are  used  in  dispersion  models 
to  predict  potential  public  exposure  in  the  evettt  of  an  accident 
involving  rocket  propellants.  Problems  in  risk  nunagement 
arise  in  the  application  of  these  dispersion  timdels.  These 
models  are  subjea  to  variations  in  predictions  baaed  upon  the 
input  assumptions,  e.g.,  source  strength,  instantaneous 
evaporatiott  lack  of  accounting  for  evaporative  cooling. 
However,  rather  than  address  tiiese  shortcomings,  risk 
managers  often  request  reUxation  of  the  risk  assessment 
exposure  level.  Altluxigh  risk  management  can  incorporate 
operational  considerations,  it  is  inappropriate  to  adjust  a  risk 
assessment  solely  to  meet  operatiorutl  constraints. 

RAmM  Model 

A  policy  fiamework  for  the  preparation,  coordiiution. 
and  dissemination  of  risk  assessments  should  address  several 
different  exposure  scenarios.  These  include  risk  assessments 
for  Air  Fom  unique  hazardous  materials  with  different 
potentially  exposed  populations.  This  population  could  be  a 
small  Air  Force  population,  such  as  potential  exposure  to 
nitrogen  tetroxide  during  rocket  propellant  loading;  Air 
Force-wide  exposures  to  hydrazine  from  F-16  aircraft  opera¬ 
tions;  or  poteritial  public  exposures  to  nitrogen  tetroxi^  or 
UDMH  during  propellant  transport  over  public  highways  or 
in  the  evettt  of  a  launch  accident  The  policy  framework  must 
also  address  risk  assessments  for  haztudous  materials  that  are 
not  unique  to  the  Air  Force.  Examples  include  isocyanates 
and  indoor  air  quality  corrtaminantB. 

For  limited  exposure  populations  to  an  Air  Force  unique 
material,  BES  personnel  can  perform  the  risk  aaaesBnent 
baaed  upon  publiahed  exposure  guidelines.  The  BES  person¬ 
nel  should  s^  the  risk  assessment  to  the  user  and  forward  a 


copy  to  the  major  command  for  review.  A  recommended 
approadi  is  vetM  prereview  with  die  nu^  command  and  a 
written  follow-up. 

If  die  risk  assessment  is  beyond  die  base  BES 
capabilities,  the  base  can  forward  the  request  to  an  Air  Force 
industrial  hygiene  m  toxicology  consultant  at  AL/OET  or 
AL/OEM.  These  consultants  complete  the  risk  assessmertt 
and  send  it  to  the  requestor  widi  a  copy  to  die  Air  Force 
Surgeon  General’s  office.  If  die  risk  assessment  is  potentially 
controversial,  either  due  to  the  material  or  die  population 
exposed,  the  risk  assessment  should  be  fnwaided  for  review 
prior  to  release. 

If  the  risk  assessment  involves  potential  Air  Force-wide 
exposures,  the  Air  Force  Surgeon  General’s  office  should 
oversee  the  development  of  the  risk  assessment  using  in- 
house  resources  (AL/OEM  or  AL/OET).  This  risk  assessment 
should  be  reviewed  by  the  Committee  on  Toxicology.  This 
indqiendent,  third  party  review  provides  valuable  credibility. 
An  example  of  this  approach  is  the  risk  assessment  for 
chlorotrifluoroethylene,  a  new  hydraulic  fluid  scheduled  for 
use  in  advanced  aircraft. 

Risk  assessments  for  materiais  where  there  is  a  pos¬ 
sibility  for  public  exposure  or  public  concern  should  follow 
the  general  procedure  for  Air  Force-wide  exposures.  How¬ 
ever.  additional  cooperation  with  outside  agencies,  such  as 
EPA  and  OSHA  and  possibiy  manufacturers,  should  be  pur¬ 
sued  where  applicable.  Exi^les  include  the  routing  risk 
assessmem  ftv  nitrogen  tetroxide,  which  involved  coopera¬ 
tion  with  the  Department  of  Transportation  and  the  manufac¬ 
turer.  An  ongoing  risk  assessment  involves  the  identification 
of  substitutes  for  Halons.  The  Air  Force  is  currently  cooperat¬ 
ing  with  the  EPA  and  manufacturers  to  perform  the  risk 
assessments  for  potential  substitutes.  Again,  this  risk  assess¬ 
ment  should  be  reviewed  by  the  Committee  on  Toxicology. 

Another  area  of  risk  assessments  itKludes  materials  that 
the  Air  Force  uses  but  which  are  not  unique  to  the  Air  Force. 
The  Air  Force  should  participate  in  the  risk  assessment 
process  to  share  our  experience  and  dau  and  to  ensure  that 
Air  Force  operational  conditions  are  considered.  Ways  in 
which  the  Air  Force  has  and  will  continue  to  participate 
include  providing  testimony  at  OSHA  hearings,  such  as  for 
methylene  dianiline;  reviewing  National  Institute  for  Oc- 
cupatioiud  Safety  and  Health  draft  publications  and  providing 
access  to  our  fecilities  during  standards  development;  work¬ 
ing  adth  EPA  on  the  toxicoldnetic  model  now  used  for 
methylene  chloride  risk  assessments;  and  participating  on 
marry  American  Society  for  Testing  and  Materials  commit¬ 
tees. 

Summary 

In  sunmuBy,  risk  assessment  consists  of  two  interrelated 
components — hazard  assessment  and  exposure  assessmertt. 
The  hazard  assessment  defines  the  potent  for  the  material 


Biahop 


15 


to  cause  illness  or  injury  to  an  exposed  population.  The 
exposure  assessment  defines  the  population  potentially  ex* 
posed,  the  routes  and  levels  of  exposure,  and  the  pro^le 
ftequency  and  duration  of  exposure.  Risk  management  is  then 
the  implementation  of  die  risk  assessmem  to  ensure  potential¬ 
ly  exposed  populations  are  protected  to  the  level  of  risk 


determined  from  the  risk  assessment 

A  policy  framewtHk  such  as  that  outlined  needs  to  be 
followed  to  ensure  consistem  development  and  implementa¬ 
tion  of  risk  assessments  within  the  Air  Force.  This  will  ensure 
that  risk  asaessmenu  properly  reflect  the  policies  of  the  Office 
of  the  Air  Force  Surgeon  General. 


Four  Decades  of  Scientific  Service: 

The  Committee  on  Toxicology 

Richard  D.  Thomas 

Committee  on  Toxicology,  Board  on  Environmental  Studies  and  Toxicology,  National  Research  Council,  National 
Academy  of  Sciences,  2101  Constitution  Avenue,  Room  No.  HA354,  Washingtmi,  DC  20418 


Since  1947,  the  National  Research  Council's  Committse 
on  Toxicology  has  provided  military  and  dviiian  agencies  with 
scientific  intarmation  and  expert  advica  on  difficuK  issues 
involving  toxicology  and  the  health  affects  of  hazardous  sub¬ 
stances.  In  doing  so,  the  Committae  on  Toxicology  has  made 
Important  contributions  to  the  field  of  toxicoiogy  and  to  oocupe- 
tional  safety  and  national  security. 

The  National  Research  Coup's  Committse  on  Toxicoi¬ 
ogy  has  expertise  in  toxicology,  chemistry,  industrial  hygiene, 
apidemioiogy,  biochemialry,  occupatiortal  health,  phairnacol- 
ogy,  physioiogy,  pathology,  and  risk  assessment  The 
Committee's  specific  responsfcilities  to  its  sponsoring  agen¬ 
das  (primarily  the  Department  of  Oefanss)  include  responding 
to  questions  of  broad  scientific  policy;  making  interim  recom¬ 
mendations  on  allowable  concentrations  of  air  contaminants 
for  omorgancy  and  continuous  exposure;  providing  sdentific 
and  technical  information  on  materials  and  equipment  that  are 
uaad  or  proposed  tor  use  by  military  and  civilian  agendas; 
organizing  workshops  and  seminars  to  disseminate  informa¬ 
tion  and  develop  sdentific  consensus;  recommending  toxico¬ 
logic  investigations  or  other  scientific  research;  recom¬ 
mending  the  elimination  of  redundant  toxtodogic  research; 
and  providing  advice  on  and,  if  necessary,  participating  in  field 
studies  conducted  by  a  sponsor. 

Over  the  years,  the  Committoe  on  Toxicology  has  recom¬ 
mended  emergency  exposure  guidance  levels  and  con¬ 
tinuous  exposure  guidancs  levels  tor  hundreds  of  substances 
used  (or  encountered)  by  Department  of  Oetonse  personnel. 
In  making  such  recommendations,  the  Comminae  performs 
risk  assessments,  espedaly  tor  carcinogenic  substances. 
The  criteria  and  methods  tor  calculating  cardnogsnic  risk  from 
low  levels  of  long-term  exposures  to  high-level  short-lann 
eiqMSures(1  to  24  hr)  or  tor  continuous  exposure  tor  up  to  90 
days  (submarine  exposure  scenario)  have  bean  published. 
Several  workshops  have  also  been  organized  by  the  Commit¬ 
tae  to  develop  methodology  tor  conducting  risk  assessments 
tor  mutagsns.  developmental  and  reproductive  toxieants,  and 
cardrwganic  mixturas.  Thus,  the  Committse  on  Toxioology 
has  been  at  the  forefront  of  the  development  of  risk  mssss- 
mant  methodology  tor  the  protection  of  health  and  tor  the 
regulation  of  toxic  chemicals. 


Introduction 

The  Coininittee  on  Toxicology  (COT),  part  of  the  Board 
on  Environmental  Studies  and  Toxicology  (BEST)  of  the 
National  Research  CouikU’s  Commission  on  Life  Sciences, 
has  provided  military  and  civilian  agencies  with  scientific 
information  and  expen  advice  on  difficult  issues  involving 
toxicology  artd  the  health  effects  of  hazardous  substatKes 
since  1947.  In  doing  so,  COT  has  made  important  contribu¬ 
tions  to  the  field  of  toxicology,  and  to  occupational  safety  and 
national  security. 

Today,  COT*s  members  continue  to  include  some  of  the 
nation's  leading  experts  in  toxicology,  chemistry,  industrial 
hygieite,  epidemiology,  biocherrtistry,  occupational  health, 
pharmacology,  physiology,  risk  assessment,  and  pathology. 
The  Committee  assists  the  government  in  three  ways: 

1.  As  a  source  ofexpert  advice  in  identifying  health  risks  and 
in  developing  acceptable  exposure  levels. 

2.  As  a  convener  of  workshops  and  seminars  to  disseminate 
infotnuuion  and  develop  scientific  consensus. 

3.  As  a  source  of  scientific  and  technical  information  on 
materials  and  equipment  that  are  used  or  proposed  for  use 
by  military  and  civilian  agencies. 

This  paper  will  highlight  some  of  the  Committee’s  work  over 
its  four  decades  of  service  and  will  describe  its  current  ac¬ 
tivities  showing  their  range  and  diversity. 

Background 

The  National  Academy  of  Sciences  (NAS)  was  chartered 
by  the  U.S.  Congress  in  1863  as  a  private,  itKlependent  body 
dedicated  to  furthering  science  and  teclmology  and  advising 
the  federal  government  on  request  NAS  and  its  associated 
organizations,  the  National  Academy  of  Engineering,  the 
Institute  of  Medicine,  atxl  the  Natiorul  Research  CoutKil 
(NRC),  constitute  one  of  the  most  importam,  independent, 
expert  advisory  mechanisms  for  the  formation  of  science  and 
technology  podicy  in  the  United  States  and,  perhaps,  in  the 
workL  NRC  is  the  working  atm  of  NAS  and  the  National 
Academy  of  Engineering,  carrying  out  nrast  of  the  studies 
done  in  their  names.  NRC  prqrares  and  distributes  about  200 
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reports  each  year  on  matters  of  national,  scientific,  and  tech- 
ni^  importaiice. 

Most  of  die  studies  on  which  the  reports  are  based  are 
carried  out  by  committees,  panels,  and  working  groups  (about 
1000  throughout  the  NRC  in  a  typical  year),  consisting  of 
scientific,  engineeting,  and  medical  experts.  The  NRC  reports 
are  readily  available  to  government  agencies.  Congress,  the 
private  sector,  the  academic  community,  the  press,  and  the 
general  public. 

History 

The  Committee  on  Toxicology  is  one  of  the  oldest  stand¬ 
ing  conunittees  of  NRC  Organized  in  1947,  COT  was 
originally  intended  to  be  adomestic  counterpart  of  the  Com¬ 
mission  ^  Toxicologie  of  the  International  Union  of  Pure  and 
Applied  Chemistry  and  to  represent  die  U.S.  professions  of 
toxicology  and  industrial  hygiene  in  international  affairs. 
However,  it  was  quickly  recognized  that  there  were  many 
importam  domestic  needs  for  its  services,  especially  in  the 
armed  forces,  and  federal  ageiKies  began  to  request  its  advice. 

Missions 

The  missions  of  COT  are  to  provide  advice  to  its  spon¬ 
soring  agencies  (primarily  the  U.S.  Army,  U.S.  Navy,  U.S. 
Air  Force,  and  National  Aeroruurtics  and  Space  Administra¬ 
tion  [NASA])  on  toxicologic  matters;  to  serve  as  an  infotma- 
tion  clearinghouse;  to  identify  information  gaps;  and  to 
recommend  research  that  can  help  to  solve  its  sponsors* 
toxicologic  problems.  The  specific  responsibilities  of  COT  to 
its  sponsoring  agencies  itKlude  the  following: 

•  Responding  to  questions  of  broad  scientific  policy. 

•  Making  interim  recommendations  on  allowable  con¬ 
centrations  of  contaminants  for  emergency  and  con¬ 
tinuous  exposure. 

•  Recommending  the  performance  of  toxicologic  and 
other  scientific  research  or  the  elimination  of  un¬ 
necessary  research. 

•  Providing  advice  on  field  studies  conducted  by  a 
sponsor  and,  upon  request,  assisting  in  the  interpreta¬ 
tion  of  the  resulu  of  the  studies. 

The  reports  produced  by  COT,  like  all  NRC  reports,  contain 
advisory  information  and  recommendationa;  they  do  not 
presem  standards,  and  they  do  not  contain  judgments  regard¬ 
ing  the  acceptability  of  herith  risks. 

Mtmbnrghlp 

COT  is  composed  of  approximately  20  experts  who  are 
nominated  for  3-year  terms.  Members  include  national  and 
imeniatianal  leaders  in  such  fields  as  toxicoiogy,  chemistry, 
industrial  hygiene,  epidemiology,  biochemistry,  occupation¬ 
al  health,  pharmacology,  physiology,  risk  assessment,  and 


pathology.  Members  are  chosen  for  tiieir  professional  ability, 
judgment,  and  integrity.  They  bring  to  the  Committee’s 
deliberations  the  competeiKe  that  makes  for  thoiou^  ex- 
amiruttion  of  the  problems  presented.  They  serve  without 
monetary  compensation,  reqxmding  to  a  sense  of  profes¬ 
sional  and  natiofud  service.  Ten  of  the  current  or  past  Com¬ 
mittee  members  have  been  presidents  of  the  Society  of 
Toxicology,  and  the  current  roster  iiKludes  members  of  the 
Institute  of  Medicine,  the  Environmental  Protection 
Agency’s  Science  Advisory  Board,  and  advisers  to  the  Inter¬ 
national  Agency  for  Research  on  Cancer. 

Most  of  the  work  of  COT  is  carried  out  by  its  various 
subcorrunittees  and  working  groiqrs.  Additional  Committee 
members  and  outside  consultants  are  called  upon  to  join  tiiese 
groups  when  special  expertise  is  needed  for  particular  studies. 

Studies 

After  more  than  40  years  attd  almost  700  studies  and 
reports,  COT’s  publication  list  has  come  to  reflect  the  breadth 
arid  depth  of  modem  toxicology  and  environmental  health 
science.  Three  characteristics  of  COT’s  work  illustrate  the 
range  and  scale  of  its  output:  the  number  of  specific  materials 
whose  toxicity  and  health  effects  it  has  evaluated,  the  breadth 
of  toxicologic  topics  and  concerns  it  has  addressed,  and  its 
contributions  tt>  the  methods  of  modem  toxicology. 

Substances  Evahjated 

During  the  past  four  decades,  the  COT  has  analyzed 
hundreds  of  potentially  toxic  nutterials  to  which  Department 
of  Defense  (DoD)  personnel  are  likely  to  be  exposed  in  a 
modem,  technology-intensive  military  establishment  A  few 
of  the  materials  are  unique  to  military  applications,  but  many 
others  are  common  in  a  modem  industrial  society,  particular¬ 
ly  in  the  petrochemical,  transportatioit  and  electronics  sec¬ 
tors.  Still  others  have  broad  applications  and  can  be  found 
around  the  home  or  farm. 

It  would  be  burdensome  to  name  all  the  specific  chemi¬ 
cals  involved,  but  the  following  tabulation  lists  many  of  the 
types  of  materials  for  which  COT  has  provided  toxicologic 
formation  and  advice  to  its  sponsors: 

•  Munitions  —  explosives.  p3rrotechtucs  (e.g..  signal 
flares),  obscurants,  and  chemical  warfare  agents  and 
their  chemical  piecursors. 

•  Fuels — fiiel  additives,  propellanu,  diesel  and  rocket 
fuels,  and  their  combustion  by-products. 

•  Engine  fluids — hydraulics,  lubricants,  coolants,  and 
anticorrosion  agents. 

•  Coatings  —  dyes,  paint  additives,  varnishes, 
sealants,  adhesives,  and  adhesive  removen. 

•  Qeanen  —  solvents,  dry-cleaning  fluids,  deter¬ 
gents,  disinfectants,  and  sterilants. 
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•  Biocides — pesticides  (especially  insecticides),  her¬ 
bicides  (including  paraquat  and  Agent  Orange),  and 
fungicides  (e.g.,  for  protecting  leather  boots). 

•  Toiletries  —  insect  repellents,  sunscreens  and  other 
protective  creams,  dandruff  shampoos,  and 
camouflage  face  paint 

•  Food-related  substances  —  purifying  agents  and 
contaminants  in  potable  water  systems,  anticor¬ 
rosion  agents  in  food  service  equipment  fuels  for 
heating  rations,  heat-sealed  plastic  wrapping  for 
meats,  and  preservatives  for  wooden  chopping 
blocks. 

•  Miscellaneous  substances  —  duplicating  fluids, 
heat-sensitive  and  electrosensitive  recording  p^)era, 
shrink-proofing  and  fite-retardant  treatments  for 
uniforms,  and  fire-extinguishing  foams  and  other 
agents. 

Advice  Provided 

The  central  focus  of  COT*s  work  is  the  evaluation  of 
toxicity  of  individual  substances.  However,  its  reports  have 
also  addressed  the  composition  of  tnafaniik  and  the  toxicity 
of  their  componertts,  offgasses,  and  pyrolysis  products;  dif¬ 
ferential  and  comparative  toxicity;  arid  major  routes  of  ex¬ 
posure.  itKluding  inhalation,  ingestion,  absorption  through 
skin,  and  injection. 

For  many  hazardous  substances,  the  Committee  has 
made  recommendations  regarding  continuous  exposure  for 
up  to  90  days  for  subrrutine  atmospheres  and  possible  accept¬ 
able  emergency  and  short-term  exposures.  Recorrunenda- 
tions  on  limits  for  exposures  have  bm  among  CCTTs  major 
contributions. 

The  Committee  has  addressed  the  impacts  of  many  toxic 
substances,  including  their  effects  on  plants,  anirtuls,  and 
even  materials,  as  well  as  their  effects  on  human  health.  It  has 
reviewed  acute  effects;  carcinogenicity  and  reproductive  ef¬ 
fects;  and  organ-specific  effects,  including  he^c  and  renal 
effects,  blood  diseases,  and  damage  to  the  central  nervous 
system.  C(7r  has  also  assisted  its  sponsors  in: 

•  Developing  exposure  reconunendations  and  proce¬ 
dures  for  the  safe  handling,  use,  and  disposal  of 
hazardous  materials. 

•  Proposing  precautionary  and  protective  measures  for 
exposed  personnel. 

•  Establishing  protocols  for  monitoring  of  substances 
and  surveillance  of  personnel 

On  several  occasions,  the  Committee  has  addressed  techni¬ 
ques  and  substances  for  treatment  and  decontamination, 
many  of  which  cany  toxic  risks. 


Itothods  in  Toxicology 

The  Committee  on  Toxicology  has  contributed  to  the 
development  of  the  field  of  toxicology  through  its  work  on 
toxicologic  methodology.  It  has  also  assisted  its  sponsors  in 
develt^ingtheirtoxicologic  capabilities  and  procedures.  One 
of  CO^s  early  reports  was  Armed  Forces  Review  of  Occupa¬ 
tional  Health  Methods  and  Equipment,  a  19SS  report  of 
proposed  techniques  and  instrumentation  for  the  Army. 

The  Committee  has  helped  the  Coast  Guard  to  develop 
classification  and  rating  systems  for  hazardous  materials  and 
has  helped  other  sponsors  to  develop  operational  and  safety 
[Hocedures  for  handling  toxic  materials  and  mixtures,  includ¬ 
ing  protocols  for  mmiitoriiig.  surveillance,  and  testing.  Assis¬ 
tance  was  provided  to  NASA  in  setting  up  a  system  of  basic 
units  for  expressing  concentrations  of  atmospheric  con- 
tamiiums  in  spacecraft.  The  Committee  has  also  reviewed 
methods  for  several  Air  Force  epidemiologic  studies,  includ¬ 
ing  protocols  for  its  study  of  the  health  effects  of  exposure  to 
Agm  Orange  aixl  its  contaminants. 

The  Committee  not  only  evaluates  toxicity  and  recom¬ 
mends  exposure  guidelines  but  also  addresses  the  principles 
on  which  evaluations  are  conducted  and  the  criteria  on  which 
guidelines  are  based.  For  example.  COT  has  published  a 
number  of  reports  designed  to  establish  pritKiples  and  proce¬ 
dures  for  evaluating  the  toxicity  of  various  categories  of 
substances,  notably  highway  fireis  (1976)  and  household 
substances  (1977).  It  has  also  published  the  proceedings  of  a 
workshop  on  pritKiples  for  evaluating  chemicals  in  the  en- 
vironmem  (1974).  Standards  proposed  by  the  Committee 
were  later  adopted  by  the  Enviroiunental  Protection  AgeiKy. 

The  focus  on  methods  has  been  especially  important  in 
COT’S  work  on  short-term  emergency  exposure  guidelines, 
as  demonstrated  by  four  major  reports: 

•  Basis  for  Establishing  Emergency  Inhalation  Ex¬ 
posure  Limits  Applicable  to  Military  and  Space 
Chemicals  (19641 

•  Basis  for  Establishing  Guides  for  Short-Term  Ex¬ 
posures  of  the  Public  to  Air  Pollutants  (1971 ). 

•  Criteria  for  Short-Term  Exposure  to  Air  Pollutants 
(1979). 

•  Criteria  and  Methodsfor  Preparing  Emergency  Ex¬ 
posure  Guidance  Level  (EEGL),  Short-Term  Public 
Emergency  Guidance  Level  (SPEGL),  and  Con¬ 
tinuous  Exposure  Guidance  Level  (CEGL)  Docu¬ 
ments  (1986). 

SdtoctBd  Rdpofts 

A  recertt  compilation  of  COT  publications  —  regular 
repotta,  pamphlets,  and  letter  reports — lists  697  documents, 
ranging  from  a  few  pages  to  some  with  more  than  lOOOpages. 
Several  of  these  are  described  below. 
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Short-Term  InhsJation  Exposure  Levels 

One  toxicologic  issue  pioneered  by  COT  is  dutt  of  acute 
toxicity  assessment  and  emergency  reqxxises  to  shoit-tenn 
exposures.  Eariy  in  the  1960s,  COT  began  receiving  requests 
for  infoimation  to  be  used  in  planning  responses  to  accidental 
spills  of  such  materials  as  rocket  propellants  and  other  haz¬ 
ardous  chemicals.  It  was  asked  to  establish  guidelines  for 
acceptable,  brief  inhalation  exposures  to  airborne  chemicals, 
much  shorter  than  the  daily,  8-hour  exposure  (for  5 
daysAreek,  50  weeks/year,  for  50  years)  that  was  con¬ 
templated  by  the  American  C^mference  of  Governmental 
Industrial  Hygienists  (AGGIH)  in  recommending  threshold 
limit  values  (TLVs)  for  industrial  workers. 

In  1962,  COT  appointed  an  ad  hoc  committee  to  outline 
the  first  principles  for  such  recommendations.  The  resulting 
report,  published  in  1964,  concerned  itself  with  emergency 
occtqrational  exposures,  e.g..  accidental  and  unpredictable 
exposures  of  10.  30,  and  60  minutes.  (Some  sponsoring 
agencies  had  requested  that  limits  be  considered  for  ex¬ 
posures  as  brief  as  1  minute,  but  the  ad  hoc  committee  felt 
that  such  recorrunendations  would  have  no  validity  or  practi¬ 
cal  value.)  The  report  recommended  emergency  exposure 
limits  (EH  a,  now  called  emergency  exposure  guidance 
levels,  EEGLs)  for  1 1  toxic  materials  importam  to  the  military 
and  apace  agencies.  The  recoirunended  exposure  levels 
ranged  from  2  to  60  tunes  the  TLVs  for  the  sanK  substances. 
The  wide  range  led  COT  to  the  conclusion  that  individual, 
short-term  exposure  limits  could  not  be  set  by  applying  a 
single  constaiu  ratio  to  TLVs  and  that  addido^  scientific 
knowledge  must  be  brought  to  bear  on  a  caae-by-caae  basis 
in  setting  specific  EEGLs. 

The  Committee  on  Toxicology  eventually  recommended 
EEGLs  for  dozens  of  diverse  substances  from  carbon  dioxide 
to  sulfuric  acid  mist  The  expertise  it  gained  in  developing 
these  guidelines  for  military  and  space-agency  qxmsots  was 
called  on  when  COT  compiled  three  series  of  major  reports: 

•  GuidesforShort-TermEqrosuresofthePublictoAir 
Pollutants  (nine  volumes,  sponsored  by  the  Environ¬ 
mental  Protection  Agency,  published  1971-1973). 

•  Possible  Long-Term  Health  Effects  of  Short-Term 
Exposure  to  Chemical  Agents  (three  volumes,  spon¬ 
sored  by  the  Department  of  the  Army,  published 
1982-1985). 

•  Emergency  and  Continuous  Exposure  Giudance 
Levels  for  Selected  Airborne  Contaminants  (eight 
volumes,  sponsored  by  the  Department  of  Defense, 
published  1982-1988). 

In  this  series,  COT  recommended  EEGLs  and  SPEGLs  for 
shoit-tenn  emergency  exposures  and  CEGLs  for  90<laycoo- 
tintious  exposures  to  substances.  (COT  earlier  had  recom- 
manded  EE1CH.S  and  CEGLs  for  scores  of  chemicals  in  letter 
reports.) 


The  Corrunittee’s  recommendations  have  been  used  by 
the  Army,  the  Navy,  and  the  Air  Force  u  working  standards 
in  the  absence  of  standards  from  the  Occitpatioiud  Safety  and 
Health  Administration  (OSHA). 

Submarine  Habitataity 

From  its  beginning,  a  qrecial  focus  of  COT’S  work  for 
the  Navy  has  been  to  reconunend  concentrations  of  atmos¬ 
pheric  contaminants  that  would  be  acceptable  for  a  crew 
working  in  the  closed  enviroiunem  of  conventional  and 
nuclear  submarittes  for  up  to  90  days.  Chemicals  of  interest 
to  the  Navy  included  not  only  the  usual  fuels  and  solvents 
(e.g..  the  Freons*  used  to  clean  electric  generators)  but  also 
pesticides,  photograiduc  developing  chemicals,  cigarette 
smoke,  and  even  the  fumes  and  combustion  products  of 
sound-  arxl  vibration-damping  tiles  used  in  submarines. 

In  1969,  COT’S  various  recommendations  were  con¬ 
solidated  in  a  letter  report  on  the  acceptable  concentrations  of 
14  air  contaminants,  and  for  several  years  thereafrer,  the 
Committee  issued  reports  on  the  cortcentrations  of  these 
craitamiruuits  actually  found  in  subnuuines.  In  1985,  COT 
established  the  Subcommittee  on  Submarine  Air  Qurdity  with 
three  panels:  1)  Panel  on  EEGLs  to  develop  emergency  and 
continuous  exposure  guidance  levels  (EEGLs  and  C^Ls) 
for  potential  contaminants  in  submarines:  2)  Pand  on 
Monitoring  to  review  the  anrdytical  techniques  used  in 
monitoring  submarine  contaminants;  and  3)  Panel  on  Hyper- 
barics  and  Mixtures  to  study  the  possible  health  effects  in 
divers  from  breathing  compressed  submarirK  air.  In  1988,  the 
tiiree  panels  Joined  in  the  publication  of  Submarine  Air 
Quality:  Monitoring  the  Arr  in  Submarines  and  Health  Effects 
in  Divers  of  Breathing  Submarine  Air  Under  Hyperbaric 
Conditions.  A  copy  of  Submarine  Air  Quality  report  has  been 
placed  on  board  every  U.S.  submarine. 

The  Panel  on  EEGLs  recommended  exposure  guidelines 
for  six  substances  of  interest  to  the  Navy:  amrtKxiia,  hydrogen 
chloride,  lithium  bromide,  toluene,  trichloroethylene,  and 
lithium  chromate.  The  Panel  on  Monitoring  found  that 
cigarette  smoke  accounted  for  much  of  the  psoticulate  matter, 
carbon  monoxide,  arxl  hydrocarbons  in  the  submarine  atmos¬ 
phere,  and  it  recommended  that  cigarette  smoking  in  sub¬ 
marines  be  eliminated.  The  Parrel  on  Monitoring  further 
recommended  that  the  Navy  develop  more  sensitive  and 
reliable  monitoring  equipment,  as  well  as  better  equipment 
and  procedures  for  detiing  with  emergencies  such  as  fires. 
The  Panel  on  Hypetbaiics  and  Mixtures  recommended  addi- 
tioiud  research  in  several  areas,  irKluding  the  formation  of 
toxic  products  during  compression  and  the  effects  of  hyper¬ 
baric  conditions  on  the  toxicity  of  contaminants.  Submarine 
Air  Quality  report  also  recotrunended  that  the  Navy  develop 
nonioxic  pairus  for  use  on  subiruuines  and  that  it  considrr 
eliminating  deep-fet  fryers,  another  source  of  atmospheric 
cootantinantB. 


Thomas 


21 


Precursors  of  Munition  Chemicals 


Dioxins 

At  the  request  of  the  General  Services  Administration 
(GSA)  and  NASA,  COT  investigated  the  possible  risks  from 
chemicals  that  are  released  by  fires  involving  polychlorinated 
biphenyls  (PCBs),  which  are  commonly  used  in  electric  trans¬ 
formers.  The  most  persistent  pyrolysis  pixxlucts  are  dioxins 
(polychlorinated  dibenzo-p-dioxins  [PCDDs]);  the  most 
toxic  and  most  widely  studied  fotm  is  2,3.7,8-tetiachloro- 
dibenzo-p-dioxin  (2,3.7,8-TCDD).  After  a  1979  fire  in  a 
NASA  office  builtUng.  GSA  and  NASA  asked  COT  for  a 
review  of  dioxin  contamination  of  the  building  and  advice  on 
appropriate  remedial  action. 

The  COT  Subcommittee  on  Dioxins  reviewed  laboratory 
and  epidemiologic  data  on  several  major  PCDD  isomers  and 
related  compounds,  including  th^  chemistry,  toxic 
mechanisms,  and  health  effects  <mi  animals  and  humans.  It 
also  contrasted  four  risk  assessments  that  had  been  conducted 
to  establish  re-entry  standards  for  office  buildings  after  trans¬ 
former  fires  that  cause  PCDD  contaminatiotL  The  subcom¬ 
mittee  recorrunended  adopting  the  exposure  guidelines  first 
developed  by  the  New  York  State  Department  of  Health,  i.e., 
concentratioru  of  10  picograms  per  cubic  meter  in  the  air  and 
25  nanograms  per  square  meter  on  surfaces,  thereby  giving 
GSA  and  NASA  a  basis  for  cleanup  action  to  protect  the 
health  of  workers.  The  1988  report.  Acceptable  Levels  of 
Dioxin  Contamination  in  an  Office  Building  Following  a 
Transformer  Fire,  also  provides  ageiKies  and  organizations 
other  than  the  immediate  sponsors  with  guidelines  for  similar 
cleanups. 

Chromium  in  Face  Masks 

The  masks  used  by  the  Army  to  detoxify  inhaled  gases 
use  canisters  that  contain  activated  charcoal  impregnated 
wid)  hexavalent  chromium,  a  carcinogen.  In  1987,  after  a 
congressional  inquiry,  the  Army  conducted  an  internal 
review  of  possible  health  risks  associated  with  using  the  face 
masks.  It  rdso  asked  COT  to  conduct  an  independent  expert 
review  and  to  recommend  further  studies  or  remedial  actions 
for  exposed  soldiers. 

After  considering  the  cutreru  information  on  the 
toxicologic  status  of  chromium  and  reviewing  the  tests  con¬ 
ducted  by  the  Army,  a  COT  subcommittee  issued  the  report. 
Chromium  Contamination  in  Army  Face  Masks  (1988).  The 
report  concluded  that,  even  under  worst-case  assumptions, 
inhalation  exposures  to  insoluble  chromium  (VI)  compounds 
were  well  below  die  current  standards  or  recommendations 
for  the  workplace,  including  those  of  COT,  the  National 
Institute  for  Occupational  Safety  and  Ifoalth,  and  the  DoD. 
No  evidence  was  found  linking  exposure  to  chromium,  in  any 
form,  with  thyroid  cancer  (the  subject  of  the  congiesskmai 
inquiry).  The  Committee  concluded  that  no  special  medical 
foUow-up  of  military  personnel  was  needed. 


The  Committee  on  Toxicology  has  addressed  problems 
of  industrial  health  hazards.  In  1987,  the  Army  asked  COT  to 
review  the  literature  that  had  been  used  as  the  basis  for 
proposed  workplace  exposure  standards  for  four  precursors 
of  munition  chemicals,  Le.,  methylphosphonic  dichloride 
(DC),  methylphosphonic  difluoride  (DF).  pinacolyl  alcohol 
(PA),  and  0-ediyl-0-(2-diis(^xopyl-aminoethyl)-(iiethyl- 
phosphonite  (QL).  The  precursors  were  to  be  produced  and 
packi^  under  Army  contract  at  civilian-operated  facilities, 
and  the  Office  of  the  Surgeon  General  of  the  Army  was 
responsible  for  protecting  workers  who  were  manufacturing 
or  otherwise  handling  these  compounds.  Neidier  OSHA  nor 
ACGIH  had  developed  permissible  exposure  limits  (PELs)  or 
TLVs  for  these  compounds. 

The  Committee’s  review  uncovered  serious  gaps  in  the 
toxicologic  data  on  the  compounds  and  on  several  highly 
toxic  by-products.  The  Committee  recommended  a  number 
of  additional  studies  to  be  conducted  to  provide  greater  con¬ 
fidence  in  recommending  PELs  for  these  chemicals: 

•  Develoimental,  reproductive,  and  immunotoxicity 
studies  on  DC  and  PA. 

•  Pharmacokinetic  studies  on  DC. 

•  Subchronic  and  cumulative  toxicity  studies  on  DF 
and  PA. 

•  Chronic  toxicity  studies,  including  carcinogenicity, 
on  DC,  DF,  and  PA. 

•  Delayed  neurotoxicity  studies  on  QL. 

The  Corrunittee  also  recommended  specific  monitoring 
and  work  practices  for  the  chemicals,  iiKluding  measure¬ 
ment;  medical  surveillarKe  of  workers;  provision  of  protec¬ 
tive  equipment;  and  the  development  of  procedures  for 
emergency  first  aid,  rescue,  spills,  and  waste  disposal. 


Throughout  history,  armies  have  always  lost  fewer  sol¬ 
diers  to  combat  than  to  diseases,  many  of  them  transmitted 
by  insects.  The  standard  insect  repellent  used  by  the  U.S. 
armed  forces,  N,N-diethyl-m-toluamide  (DEET),  developed 
more  than  30  years  ago,  has  never  been  fully  satisfactory.  In 
1986,  the  Army  asked  COT  to  review  its  attempts  to  develop 
a  replacemertt.  The  COT  report  Toxicity  of  Candidate 
Arthropod  Repellents,  has  had  effects  well  beyond  meeting 
the  needs  of  its  immediate  sponsor. 

The  Army  had  asked  COT  to  concentrate  on  a  one-step, 
topical  hazard  evaluatioa  The  comments  and  recommenda¬ 
tions  of  COT’S  Subcommittee  on  Arthropod  Rqiellents  in¬ 
cluded  this  step  and  then  were  extended  to  the  entire 
toxicity-testing  program.  The  subcommittee  concluded  that 
the  overall  program  wu  unnecessarily  limited  and  suggested 
Ihtt  it  be  modified  in  several  ways: 


Insect  Repellents 
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•  Develop  nonhuman  models  to  predict  repellent  ef¬ 
ficacy  and  toxicity,  thus  avmding  the  need  to  expose 
huamu  to  unknown  chemicals  undl  toxici^  testing 
in  animals  is  completed. 

•  Avoid  excessive  and  premature  animal  testing,  espe¬ 
cially  eye-initation  testing. 

•  Use  tn  vitro  test  methods  fOTphototoxidiy  to  reduce 
the  number  of  animals  needed  for  screening. 

•  Add  tests  for  transdermal  absorption,  percutaneous 
toxicity,  neurotoxicity,  and  teratologic  effects. 

•  Reconsider  previously  rejected  materials  in  light  of 
the  less<restrictive  approaches. 

•  Obtain  candidate  repellents  from  a  wider  range  of 
sources,  including  phaimaceuticii  companies  and 
university  researchers. 

•  Conduct  basic  research  on  insect  biting  behavior  and 
on  human  volatile  emanations  that  act  as  natural 
repellents  or  attractants. 

•  Adhere  to  EPA  guidelines  and  practices,  where  pos¬ 
sible,  to  facilitate  commercial  development  of  insect 


repellents  tested  by  the  militaiy. 

Sponsoring  AgtNiciM 

In  its  early  days,  COT  studies  and  reports  were  confined 
to  die  needs  of  its  original  sponsors,  the  armed  services  and 
the  Atomic  Energy  Commission.  Most  of  the  reports  were 
issued  to  the  Army,  Navy,  and  Air  Force,  all  of  which  needed 
information  on  the  healdi  hazards  associated  widi  the  many 
substances  to  which  personnel  might  be  exposed,  fiom  the 
exotic  (fuels  and  explosives)  to  the  mundane  (sunscreens  and 
insect  repellents). 

More  recently .  COT  has  accepted  requests  for  assistance 
fiom  other  government  agencies,  provided  that  the  studies 
were  compiementaiy  to  the  interests  of  the  primary  sponsors 
and  could  be  fit  into  the  woric  schedule.  The  reports  for 
nonmilitary  sponsors  address  many  of  die  same  concerns  (and 
chemicals)  as  those  produced  for  Dqiaitment  of  Defense 
qxmsors,  Le.,  fiom  varnishes  to  lubricants  and  fiom  fun¬ 
gicides  to  Mace. 


Principles  of  Chemical 
Risk  Assessment 
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Overview  of  the  Risk  Assessment  Process 


John  DouU,  M.D.,  Ph.D. 

University  of  Kansas  Medical  Center,  Kansas  City,  Kansas  661 16 


Thera  are  three  (flfferant  approaches  to  chemical  risk 
assessment  which  wW  be  oonsiderad  in  this  paper.  The  U.S. 
Environmental  Protection  Agency  (EPA)  Cancer  Risk  Assess¬ 
ment  includes  some  of  the  approaches  used  by  the  Intema- 
lionai  Agency  tar  Research  on  Cancer  (lARC).  The  Agency 
tar  Toxic  Substances  and  Disease  Regiiery  (ATSDR)  effort  is 
an  evaiuatsd  database  approach  similar  to  that  used  in  the 
National  Institute  tar  OocupiMional  Safety  and  Health  (NIOSH) 
Criteria  Documents  and  in  the  documentations  prepared  by 
the  Occupational  Safety  and  Health  Administratjon  (OSHA) 
tar  the  Permissible  Exposure  Limits  (PELs)  and  those  of  the 
American  Conference  of  Governmental  Industrial  Hygienists 
(ACGIH)  tar  the  Threshold  Limit  Values  (TLVs).  A  thirri  ap¬ 
proach  is  used  by  the  Committse  on  Toxicology. 

kilroduction 

Although  risk  sssessmenL  as  it  is  known  today,  is  less 
than  20  yean  old,  it  is  derived  from  diat  part  of  toxicology 
called  hazard  evaluadon  which  is  almost  as  old  as  toxicology 
itself.  There  are  differences,  however,  between  what  was 
done  in  hazard  evaluation  and  what  is  done  today  in  risk 
assessment 

Traditionally,  hazard  evaluation  has  been  a  judgmental 
decision  baaed  on  information  concerning  the  agent  die 
subject  and  the  exposure.  The  first  step  in  hazard  evaluation 
is  to  chancterize  the  toxicity  of  the  agent;  this  is  ac¬ 
complished  by  identifying  all  of  the  potential  adverse  effects 
that  can  result  from  either  acute  or  chronic  exposure  to  the 
agemand  by  establishing  the  dose-reqxxiae  relationship  for 
each  of  drew  adverse  effects.  The  next  step  is  to  determine 
whether  the  tox  datahsse  obtained  with  the  test  species  is 
appropriate  for  the  subject  or  target  species  and  for  the  actual 
exposure  conditions. 

In  those  cases  where  the  tox  data  are  relevam  and  where 
there  is  a  threshold  or  no-effect  level  for  the  specific  adverse 
effect  of  interest,  then  the  toleiance  can  be  established  by 
simply  dividing  the  No-Observed-Effect  Level  (NOEL) 
an  appropriate  safety  Cretor.  The  goal  in  this  approach  is  to 
preito  a  "safe"  dose  for  the  target  species  and,  except  for 
those  advene  effects  for  which  thresholds  cannot  be  clearly 
demonstrated,  this  continues  to  be  the  nnoat  practical  and 
widely  used  approach  for  protecting  the  health  of  the  public. 


workers,  md  military  persormel  against  the  adverse  effects  of 
exposure  to  chemicals. 

Duririg  the  early  1970s,  there  was  growing  concern  about 
cancer  and  nuitagettesis.  Coupled  with  the  creation  of  the 
EPA  arxl  the  growing  ability  of  chemists  to  detect  vanishingly 
stiudl  attxrunts  of  envirorunental  contaminants,  this  coiKem 
led  to  demands  for  a  new  approach  to  risk  assessment  Along 
with  rruttiy  other  grmqps,  the  National  Academy  of  Scien- 
ces^aliofud  Research  Council  (SAS/NRC)  was  involved  in 
this  effort  and  subsequently  issued  two  reports  dut  had  a 
tmjor  impact  in  this  area.  One  of  these  was  the  1977  report 
of  the  Safe  Drinking  Water  Conunihee,  which  was  sponsored 
by  the  EPA,  and  the  other  was  the  1983  rqxxt  on  Risk 
Assessment  in  the  Federal  Goveromem,  which  was  sponsored 
by  the  Food  arxl  Drug  Administration  (FDA).  In  die  second 
chapter  of  the  first  Drinking  Water  Rqport,  a  subcommittee 
presented  an  analysis  of  risk  assessment  which  was  "state  of 
the  art”  at  that  time.  They  defined  the  following  four  general 
principles  for  risk  assessment: 

1.  Effects  in  animals  when  properly  qualified  are  applicable 
lohuttuHis. 

2.  Methods  do  not  exist  to  establish  thresholds  for  some 
long-term  effects. 

3.  Use  ofthe  maximum  tolerated  dose  (MTD)  is  a  necessary 
and  valid  approach  to  detect  carcinogens. 

4.  Materials  should  be  assessed  in  terms  of  their  risk  rather 
than  as  "safe." 

These  principles  plus  die  recortunendations  in  the  report 
concerning  high-  to  low-dose  extrapolation  provided  the 
tdemific  basis  for  this  new  approach  to  risk  assessment  and 
set  the  stage  for  the  second  report,  which  focused  on  policy 
and  procedures  for  managing  the  process  of  Risk  Assessment 
in  the  Federal  Govemment  This  second  repcwt  clearly 
divided  risk  management  fiom  risk  assessment  and  then 
subdivided  risk  assessmem  into  four  steps:  hazard  identifica- 
don,  dose-response  assessment,  exposure  sssessmenL  and 
risk  characterhation.  The  latest  topic  to  be  added  to  this 
classification  is  risk  corrammication  which  has  also  been 
addressed  by  aNAS/NRC  committee,  a  Council  on  Environ¬ 
mental  (Quality  repoTL  and  numerous  other  woricshop  and 
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confeience  reports. 

The  evolution  of  risk  assessment  methodology  will  un¬ 
doubtedly  continue.  At  this  point  in  time,  then  are  four  areas 
that  should  be  carefully  examined  and  evaluated. 

1.  The  two  approaches  to  risk  assessment  —  the  threshold 
aiqmMch  and  the  extrapolation  approach  —  should  be 
considered  to  be  complementary  rather  than  competing 
methodologies.  The  existence  or  lack  of  a  threshold  should 
determine  which  approach  to  use  in  risk  assessment 

2.  To  improve  the  threshold  approach  to  risk  assessment, 
safety  factors  should  be  us«i  that  include  appropriate 
adjustments  for  differences  in  kinetics  and  sensitivity  be¬ 
tween  the  test  and  target  species.  The  concept  of  a  "safe** 
dose  should  be  replaced  with  an  indication  of  actual  risk. 

3.  To  improve  the  nonthreshold  approach  to  risk  assessment 
best  estinuues  rather  than  upper-bound  limits  of  risk 
should  be  provided,  and  the  worst-case  assumpdoru  cur¬ 
rently  used  in  this  qrproach  should  be  replaced  with  actual 
data  derived  from  the  target  ^tecies.  The  use  of  kinetic  data 
in  this  ^)proach  is  a  good  first  step;  however,  we  must  also 
ensure  that  the  model  is  capable  of  dealing  appropriately 
with  the  relevance  of  the  atiimal  data  to  the  target  species 
and  that  it  addresses  such  issues  as  the  lack  of  a  dose- 
response,  species  differences  insusceptibility,  and  the  like. 

4.  One  of  the  major  problems,  if  not  the  major  problem,  with 
the  current  state  of  risk  assessment  is  lack  of  credibility. 
Since  we  often  consider  some  of  our  predictions  to  be 
better  than  others,  we  need  to  develop  a  good  system  for 


communicating  this  information  to  the  public  in  a  logical 
and  understandable  fashion.  We  need  to  be  able  to  explair 
why  we  are  more  concerned  about  Agent  A  than  Agem  B 
even  though  they  have  identical  0*  values  or  GRAS  status. 
We  need  to  convince  the  public  and  our  peers  that  it  is  not 
the  chemical  but  the  dose  that  determines  the  risk.  It  would 
also  help  if  risk  assessors  would  focus  on  areas  of  consenus 
rather  than  on  confrontation,  since  the  public  is  confused 
and  justiftably  angered  when  they  are  sent  mixed  signals. 
A  good  place  to  start  would  be  to  compare  the  toxicologi¬ 
cal  and  epidemiological  predictions  because  these  are  the 
two  disciplines  that  contribute  most  directly  to  assessing 
risk  fiom  chemical  exposure.  In  those  situations  where 
toxicology  and  epidemiology  are  giving  us  different 
answers,  we  need  to  determine  why  the  answers  are  dif¬ 
ferent  and,  if  possible,  to  recotKile  the  difference.  In  order 
to  accomplish  this,  we  will  need  to  identify  and  defend  all 
of  the  assunqrtions  and  uncertainties  that  we  have  used; 
we  will  also  need  to  provide  adequate  documentation  so 
that  the  next  investigator  can  replicate  die  process.  If  we 
can  do  this  in  a  way  that  is  readily  understood  by  the  public, 
we  will  help  diem  decide  whether  the  risk  assessment  is  a 
"whitewash"  or  a  "witch  hunt" 

In  conclusion,  there  is  a  quote  by  Albert  Einstein  that 
sums  it  up  well.  "The  right  to  search  for  truth  inqilies  a  duty: 
One  must  not  conceal  any  port  of  what  one  recognizes  to  be 
true." 


Issues/State-of-the-Art  Methodology 
for  the  National  Research  Council’s 
Committee  on  Risk  Assessment  Methods 

Bernard  D.  Goldstein 

Robert  Wood  Johnson  Medical  SdiooU  University  of  Medicine  and  Dentistry  of  New  Jersey, 
Piscataway,  New  Jersey  088S4-S635 


The  following  is  the  abstract  of  the  presentation  by  Mr. 
Goldstein.  His  paper  is  not  available  for  piddication  at  this 
time. 

The  Nationai  Academy  of  Sdenoea/Natianal  Research 
Council,  through  its  Board  on  Environmental  Studies  and 
Toxioology  in  the  Commission  on  Life  Sdenoes,  has  ap- 
pointad  the  Committee  on  Risk  Assessment  Methods 
(CRAM).  The  CommiOoe  was  eatabUshed  in  response  to 
raquesta  from  several  U.S.  government  agencies,  induing 
the  Environmental  Protedion  Agency,  the  Nationai  Insthiita  for 
Occupatioriai  Safety  and  Health,  the  Food  and  Drug  Ad* 
mMstration,  the  National  Instituta  of  Environmental  Health 
Sdenose,  and  the  Agency  for  Toxic  Substances  and  Disease 
Registry.  CRAM  is  also  supported  in  part  by  the  American 
fnduatrial  Hygierw  Association  and  the  American  Petrolaum 
Inelitute. 

The  17-mamber  committee  has  expertise  in  toxicology, 
epidemiology,  oocupatlonal  health  and  medicine,  risk  assess* 
ment.  statistics,  mathematical  modeling,  genetics,  pathology. 


biochemistry,  and  pharmacology.  The  charge  to  the  commit- 
tae  is  to  assess  the  scientific  basis,  inference  assumptions, 
reguiatory  uses,  and  research  needs  in  risk  assessment 
CRAM  wiil  gather  information  and  investigate  issues  iargeiy 
through  a  series  of  narrowly  focused,  intensive  workshops. 
CRAM  has  already  organdad  workshops  on  Maximum 
Toieratad  Dose,  Physiologically-based  Pharmacokfoetic  Mod¬ 
eling,  and  Two-Stage  CardnogarMsis  Models.  Additional 
workshops  on  Use  of  Epidemiotogical  Information  in  Risk 
Assessrnetrt  and  Use  of  Exposure  Information  in  Risk  Assess¬ 
ment  are  planned  in  the  near  future. 

CRAM  will  not  only  focus  on  cancer  risk  assessment  but 
will  also  address  the  issue  of  risk  assessments  for  other  ertd 
points,  such  as  reproductiva  and  devetopmental  toxicity, 
neurotoxicity,  immunotoxicity,  etc.  The  project  which  began  in 
1990  wM  taka  three  years  to  oomplets.  Separate  reports  in  a 
series  dealing  with  each  issue  wfll  be  published.  Theu  reports 
win  provide  guidance  to  reguiatory  dedsion-makars  and  risk 
assessment  scientists  tor  developing  and  employing  nKxJeis 
for  risk  assessment 
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Hazardous  wastes  relaaaad  into  the  genaiai  environment 
are  of  concern  to  the  public  and  to  pufaiie  health  authorities. 
In  response  to  this  concern,  the  Comprehensive  Environmen¬ 
tal  Response,  Compensation,  and  UabiMy  Act  as  amended 
(commonly  caled  Superfund),  was  enacted  in  1 980  to  provide 
a  framework  for  environmental,  pubGe  health,  and  legal  ac- 
tio.TS  concerning  uncontrolled  releases  of  hazardous  substan- 
ces.  The  Agency  for  Toxic  Substances  and  Disease  Re(^try 
(ATSDR)  was  craatsd  by  SuparfurKf  to  address  the  public 
health  issues  of  hazsrdous  wastes  in  the  commundy  environ¬ 
ment 

Two  key  Agency  programs.  Public  Health  Assessments 
and  Tcnoological  Profiles,  are  designed  to  assess  the  risk  to 
hutitan  health  of  exposures  to  hazardous  substances  that 
migrats  from  waste  sites  or  through  emergency  releases  (e.g., 
chemical  apMs).  The  Agency's  public  health  assessment  is  a 
structured  process  that  permits  ATSDR  to  identify  which 
waste  silsa  or  other  point  sources  require  traditional  public 
health  acdons  (e.g.,  human  exposure  sturfies,  health  studies, 
registries,  health  survaiilanoo,  health  advisories).  The  ATSDR 
qualitative  public  health  assessment  complements  the  U.S. 
Environmentst  Protaction  Agency's  quantitative  risk  assess¬ 
ment  For  Superfund  purposes,  both  assessments  are  site- 
specific.  ATSDR*s  toxicological  profiles  are  prepared  for 
priority  hazardous  substances  found  most  frequently  at  Su- 
perfund  sites.  Each  profile  presents  the  current  toxiootogic  and 
human  heaHh  effects  information  about  the  substance  being 
profiled.  Each  profile  also  contains  Minimal  Risk  Levels 
(MRU),  a  type  of  risk  assessment  value.  This  paper  covers 
ATSDR's  experience  in  conducting  public  health  assess¬ 
ments  and  daimloping  MRU,  and  it  rotates  thia  experience  to 
recommendations  on  how  to  impro\e  chemical  risk  assess¬ 
ments. 

fteaAwM^alB  aasAftawaa 

vnrewcDoii 

Chemical  risk  assessments  are  the  source  of  great  activity 
in  govenenent  and  private  sector  organizatioos.  Riakasaess- 
menta  on  individual  chemicala  and  broad  environmental 
problems  have  becomes  staple  in  regulatory  agencies,  at  both 
the  federal  and  state  levels.  Some  nonregulatory  agencies  alao 
conduct  riak  saaeaatneois.  The  risk  aaaeaamem  apprcaches 
and  experiences  of  a  nonregulatory,  federal,  public  health 
agency  are  the  subject  of  this  paper. 


The  Agency  for  Toxic  Substances  attd  Diseree  Registry 
(ATSDR)  is  one  of  the  eight  agencies  that  constitute  the  U.S. 
Public  Health  Service.  Congress  created  ATSDR  in  1980  as 
part  of  the  Comprehensive  Environmental  Response.  Com¬ 
pensation,  and  Liability  Act  (Imown  as  Superfund).  'The 
Agency  was  mandated  by  Supetfuttd  to  work  with  the  U.S. 
Enviromnental  Proiectian  Agency  (EPA),  the  states,  and  the 
private  sector  to  elucidate  the  public  health  consequences  of 
hazardous  waste,  principally  the  releases  from  waste  sites 
covered  under  Supofiuid.^’^ 

What  and  how  we  experience  things  molds  our  thinking 
on  what  represents  realiQr.  ATSIA’s  reality  is  to  work  in  an 
emotionally  charged  area  of  public  health.  We  often  ex¬ 
perience  high  emotkms  in  comtmnities  around  hazardous 
waste  sites,  including  some  near  federal  ^ilitiet.  Our  Agen¬ 
cy  participates  in  many  meetings  with  community  groups 
who  ate  suspicious  of  goveitunem  agenctco  and  generally 
unimpfessed  with  numben  from  numerical  riak  assessments. 

Because  of  this  experience  with  the  public.  ATSDR’s 
reality  regarding  risk  assessmem  can  beat  be  described  as  a 
somewhtt  "schizophrenic”  existence.  We  recognize  the  im¬ 
portance  to  regulatory  agencies  of  a  systematic  assessment  of 
risk,  and  because  resources  ure  limited  but  problems  ate  not, 
we  acknowledge  the  importance  of  having  a  tool  that  can  be 
used  to  compare  risks.  However,  we  are  concerned  that  the 
current  approach  to  quantitative  risk  assessmem  has  not  per¬ 
formed  very  well  in  many  instances  —  hence  our 
schizophtenia. 

This  paper  outlines  the  Agency’s  approach  to  hazard 
evaluation  of  waste  sites,  proceeding  from  the  complex  prob¬ 
lem  of  assessing  public  hazards  posed  by  individual  waste 
sites  to  the  situation  of  riak  assessmem  for  a  single  toxicant. 
ATSDR’s  public  health  assessmem  will  be  described  first. 

Public  HMith  Attdnimnts 

To  set  the  stage  for  defining  a  public  health  assessment, 
consider  the  American  public’s  concern  in  1980  that  toxic 
waste  m  the  envtronmem  was  compromising  human  health. 
Moreover,  opinian  polls  in  1991  indicate  that  this  concern 
comimies  at  the  sme  high  level.  The  public  remaitw  fearful 
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of  the  heslth  consequences  of  hazardous  waste  and  toxic 
substances.  Many  communities  would  like  —  indeed  would 
insist  on  —  a  hill-scale  epidemiologic  study  of  their  healdL 
To  put  dtis  in  perspective,  EPA  now  lists  33.000 uncontrolled 
toxic  waste  sites  in  the  United  States.^^  Using  their  Hazard 
Ranking  System.  EPA  ranks  each  site  in  tenns  of  its  environ- 
mentai  contamination  and  its  ecologic  and  health  sig¬ 
nificance.  The  result  is  called  the  National  Priorities  List 
(NFL)  of  hazardous  waste  sites.  This  list  is  important  because 
placement  on  it  brings  monies  from  the  Superfiind  trust  fund 
to  remediate  the  site. 

The  message  is  that  dieie  are  very  large  numbers  of 
uncontrolled  —  and  also  controlled  —  waste  sites  and 
fscUities  in  the  U.S.  that  can  potentially  compromise  public 
health.  Given  the  widespread  angst  about  such  sites,  a  belief 
is  built  into  the  public’s  mind  that  EVERY  site  should  be  the 
sidtject  of  an  iritensive,  in-depth,  health  investigatiofL  If  the 
list  of  most  important  hazard^  waste  sites  were  to  number 
only  2(XX)  and  if  a  community  qMdemiologic  study  would 
cost  $2  million  or  more  in  today’s  market,  then  the  cost  for 
such  an  epidemiological  undertaking  would  be  $4  billion. 
Cost,  as  well  as  scientific  considerations.  lead  one  to  conclude 
that  long-term  health  studies  cannot  be  conducted  at  every 
waste  site. 

How  then  does  a  government  public  health  agency 
decide  which  sites  (and  here  we  must  think  in  tenns  of 
communities  of  young,  elderiy,  healthy,  ill,  wealthy,  poor, 
educated,  and  illiterate  human  beings)  really  do  require  some 
kind  of  health  action  in  response  to  confirmed  environmental 
contaminatian?  ATSDR’s  instrumem  for  triage  in  this  dif¬ 
ficult  situation  is  the  public  health  assessmettt,  or  more  simp¬ 
ly,  health  assessment 

Definition 

ATSDR’s  public  health  assessment  is  "the  evaluation  of 
data  and  information  [emphasis  added]  on  the  release  of 
hazardous  substances  into  the  environment  in  Older  to  assess 
any  cuirem  or  future  impact  on  public  health,  develop  health 
advisories  or  other  recommendttions.  and  identify  studies  or 
acdons  needed  to  evaluate  and  mitigate  or  prevent  human 
health  effects  (emphasis  added].”^^'  In  die  cotuext  of  an 
ATSDR  public  health  assessmem,  "evaluatioo  of  data  and 
information'’  means  employing  professional  judgmems,  ac¬ 
cording  to  specified  guidelines,  to  characterize  the  nature  and 
extern  of  the  hazard  to  human  health  presented  by  releases 
from  individuai  hazardous  waste  sites.  As  a  fed^  health 
agency,  we  believe  that  consequential  health  decisions  ought 
to  be  predicated  on  a  foundation  that  pennits,  indeed  en¬ 
courages,  the  exercise  of  professional  judgment  The  second 
point  of  en^phasis  pertains  to  the  prevention  of  adverw  human 
health  edfeete.  A'TSDR  uses  die  public  health  assessment  to 
identify  conditions  of  exposure  to  hazardous  substances  that 
when  reduced  in  severity,  will  prevent  morbidity  or  mortality. 


Public  Health  Assessment  Compared 
with  Risk  Assessment 

nrSDR  is  often  asked  how  its  public  health  assessmein 
of  a  waste  site  difiers  from  an  EPA  risk  assessment  for  the 
same  site.  The  implication  sometitnes  is  that  the  two  instru¬ 
ments  are  duplicative  and,  hence,  wasteful.  In  foct  these  two 
kinds  of  assessments  are  complementary,  as  will  be  described 
later;  each  serves  a  useful  purpose  to  the  agency  that  utilizes 
it  But  as  a  hypothetical  argument  assume  diat  the  risk 
assessment  and  the  public  health  assessment  are.  in  foct  fully 
duplkadve.  Would  the  duplication  be  a  waste  of  resources? 
To  answer  this  question,  consider  what  happens  when  a 
fomily  member  is  diagnosed  as  having  a  fotal  disease,  result¬ 
ing  in  a  recommendation  for  radical  clinical  interventioiL 
Many  people  in  such  situations  seek  a  second  medical 
opnioit  sometimes  more,  because  the  implications  to  per¬ 
sonal  health  of  being  wrong  are  sometimes  too  inqxirtant  to 
rest  in  the  hands  of  a  sin^e  medical  qiecialist 

Are  hazardous  waste  sites  also  worthy  of  "second 
opinions"?  Given  that  the  average  cost  of  remediating  a 
nonfederal  waste  site  is  a  multimillion  dollar  effort,  and 
knowing  that  public  healdi  questions  are  a  serious  concern  to 
affected  communities,  a  plausible  case  can  be  made  for  the 
importance  of  two  opinions,  independently  derived. 

Aside  from  the  foregoing  hypothetical  argument,  an 
ATSDR  public  health  assessmem  has  several  significamdis- 
dncdons  from  an  EPA  risk  assessment  of  the  same  waste  site. 
These  differences  are  rooted  in  the  reqiective  agencies’ 
needs,  policies,  and  statutory  leqxmsibilities.  The  principal 
differences  are  shown  in  Table  L  Both  kinds  of  assessments 
serve  practical  purposes  and  are  generally  complementary. 

Contkjct  of  Pubdc  Health  Assessments 

How  do  ATSDR  and  the  state  health  departments  con¬ 
duct  public  health  assessments?^^^  The  public  health  assess¬ 
ment  is  conducted  by  a  multidisciplinary  staff  using  three  key 
datahases; 

•  Environmental  contamination  data  (normally  ob¬ 
tained  from  EPA,  sometimes  supplemented  by  data 
from  state  agencies,  characterize  levels  of  con¬ 
taminants  in  environmental  media  related  to  the  site). 

•  Health  outcome  data  (normally  obtained,  when 
available,  from  state  and  local  h^di  agencies.  e.g.. 
community-specific  cancer  rates  or  adverse  repro¬ 
ductive  outcomes). 

•  Community  health  concerns  (expressions  from  the 
community  around  the  site  about  their  health  con¬ 
cerns). 

Hie  ATSIXt  health  asseasois  conduct  site  visits  to  obtain 
a  signiflcant  amoint  of  these  three  types  of  data.  Using  a 
«eight-of-evideiioe  approach,  the  health  asaesaore  factor  the 
following  Gonstderetions  into  their  overall  asaeasoMitt  of  the 
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QuaWitiv*,  ait»-apMific;  usm  anvirannMfital 
oontaminallon,  hMltti  outoonm,  and  com¬ 
munity  haaNh  oonoama  data. 

Madical  and  public  haaNh  parapactivo  ara 
aalghtad  to  aaaaaa  haaNh  hazaida. 

Uaad  to  avahiata  human  haaNh  impacts  and 
to  idaniHy  pubic  haaNh  imatvanliona. 

May  laad  to  pNot  haaNh  affaeta  atudiaa.  aur- 
wiiino0«  cpidMiiiolOQic  sfticfiM,  or  oxposuro 
lagMiy. 

la  advisory. 


uaaa  anvaonmantal  contamination  data. 

Statiaticai  and/or  bioiogic  modais  ara  uaad  to 
calcuiata  numaricai  asimatos  of  haaNh  risks. 

Uaad  to  tacHNata  ramadialions  or  othar  risk 
managamont  actions. 

May  laad  to  saiaction  of  particular  ramadiation 
maasutas  at  a  sita. 

Baara  raguiatory  \Might  of  authority. 


TABLE  I.  Clwracttrtitica  of  ATSDR  Haaith  AaNaaamanta  and  EPA  Risk  Afsamanta 

ATSDR  Public  Health  Assessment  EPA  Risk  Assessment _ 

QuantNaiva,  oompound-oriantad,  sNa-spacHic: 


public  health  significance  of  the  site: 

•  Environmental  contamination  data  ate  evaluated  as 
follows: 

1.  Using  existing  toxicological  infomtation  bases,  the 
principal  contaminants  are  identified.  G>ntaminant 
levels  are  compared  with  published  environmental 
media  guides  derived  by  ATSDR  or  with  EPA 
regulatcny  standards  to  assess  if  human  exposure  to 
these  levels  may  constitute  a  public  health  hazard. 

2.  Gnrent  and  possible  future  exposure  pathways  of 
public  health  concern  are  identified.  For  some  sites, 
models  that  predict  migration  of  contaminant 
plumes  are  used  to  identify  communities  at  risk  of 
exposure  and,  on  occasion,  to  attempt  to  reconstnict 
the  extent  of  historical  exposures. 

3.  Special  populations  at  risk  of  exposure,  e.g., 
children,  are  identified  and,  where  possible,  the  ex¬ 
tent  of  their  exposure  to  contaminants  of  concern  is 
assessed. 

•  Health  outcome  data  are  obtained  when  they  are 
available  and  can  be  focused  on  a  county,  com¬ 
munity,  census  tract,  or  defined  area  around  the  site. 
This  approach  produces  a  broad  picture  of  the  health 
status  of  a  community  that  nuy  have  experienced 
toxic  releases.  The  data  do  not  represent  an  epi¬ 
demiologic  evaluation  of  the  community  at  risk.  That 
type  of  refinement  occurs  through  follow-up  studies 
svhenever  the  public  health  assessment  identifles  the 
need.  In  addition,  health  outcome  data  are  an  impor¬ 
tant  tool  the  Agency  uses  to  address  concerns  about 
excess  disease  occurrence  in  communities  living 
near  a  waste  site. 

•  Community  health  concerns  are  obtained  by  estab¬ 
lishing  contact  with  citizens’  groups,  local  health¬ 
care  providers,  and  community  leaders.  These  types 
of  disa  serve  two  purposes.  RrsL  by  reaching  out  to 
the  community ,  a  contact  is  made  that  begins  a  health 
communication  and  education  effort  that  must  attend 


every  public  health  assessment  Second,  some  health 
data  or  other  pertinent  site-specific  information  may 
be  unrecognized  by  health  authorities,  but  known  to 
the  citizens. 

From  the  public  health  assessment  will  come  a  ranking 
of  the  site  in  terms  of  its  overall  significance  to  public  health. 
ATSDR  currently  uses  five  categories  of  importance  (with 
Agency  Actions  for  each  category):  A:  Urgent  Public  Health 
Hazard  (health  advisory);  B:  Public  Health  Hazard  (health 
follow-up);  C:  Indeterminate  Public  Health  Hazard  (possible 
health  follow-up,  identify  gaps);  D:  No  Apparent  Public 
Health  Hazard  (environmental  health  education,  monitoring 
and  revisit);  and  E:  No  Public  Health  Hazard  (no  actions  by 
ATSDR).^^^  The  specific  actions  for  each  site  are  determined 
by  an  intra-agency  panel,  implemented  by  designated 
divisions,  and  monitored  by  the  intra-agency  panel.  Besides 
guiding  ATSDR  as  to  which  sites  require  follow-up  health 
actions,  the  site  classifications  are  one  factor  considered  by 
EPA  to  set  priorities  of  sites  for  remediation. 

Based  on  the  site-specific  recommendations  made,  each 
health  assessment  identifies  what  health  actions  are  to  be 
undenakea  The  actions  range  from  health  studies  carried  out 
by  ATSDR.  often  in  cooperation  with  state  health  depart¬ 
ments,  to  actions  related  tu  prevctuiug  exposure  by  EPA’s 
restricting  access  to  contandnated  areas,  if  access  had  not 
already  been  restricted. 

LegaJ  Requirements 

Superfiind  directs  ATSDR  to  conduct  a  public  health 
assessment  of  every  site  that  is  proposed  for,  or  placed  on. 
EPA’s  NFL  widiin  1  year  of  its  proposal  or  placement  Of  the 
1292  sites  currently  on  the  NPL,  atxwt  10%  are  federal  sites 
or  teilides.  More  specifically,  97  sites  on  the  current  NPL 
are  Department  of  Defense  (DoD)  sites;  another  17  are 
Department  of  Energy  (DoE)  facilities;  and  1  site  is  ciurently 
split  between  DoD  and  DoE.  There  are  five  other  NPL  sites 
under  federal  responsibility  (the  Department  of  Transporta¬ 
tion  and  the  Department  of  Interior,  two  each;  and  the  Small 
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Business  Administrstion,  one).  Through  intersgency  sgiee- 
ments,  ATSDR  has  begun  receiving  Che  financial  resources 
neoessaiy  Co  undertake  Public  Health  Assessments  of  DoD 
and  DoE  sites  and  facilities.  Because  considerable  environ* 
mental  contamination  may  have  occurred  around  some 
federal  sites,  the  public  health  assessments  will  be  difficult 
and  their  conduct  protracted. 

In  addition  to  mandating  public  health  assessments  of 
NFL  sites.  Superfund  permits  iiidividuals  to  petition  ATSDR 
to  conduct  these  assessments  for  sites  of  concern  to  them. 
This  brings  govemmern  resources  to  address  the  concerns  of 
individual  citizens.  ATSDR  has  received  approximately  ISO 
petitions  since  1987  and  has  accepted  about  70%  for  the 
conduct  of  public  health  assessments.  (Petitions  are  rejected 
when  evidence  is  lacking  of  any  actual  or  potential  releases 
of  hazardous  substances.)  Approxinutely  SS%  of  petitions 
have  come  from  individual  citizens;  the  remainder  have  been 
submitted  ftom  members  of  Gxigress,  attorneys,  local  elected 
officials,  and  statefiocal  health  departments.  ATSDR  an¬ 
ticipates  the  number  of  petitions  will  increase  as  awareness 
of  the  petitioning  mechanism  grows. 

Also,  under  Section  3019  of  the  Resource  Gmservation 
and  Recovery  Act  (RCRA)  amendments  of  1984,  ATSDR 
can  conduct  a  public  health  assessment  of  a  ROIA  facility  if 
requested  by  EPA,  a  state,  or  an  individuaL  However, 
statutory  language  requites  that  the  request  for  a  public  health 
assessment  be  accompanied  by  fiinds.  ATSDR  has  conducted 
very  few  loublic  health  assessments  of  RCRA  facilities,  ap- 
proximate,y  one  dozen  to  date.  This  number  is  too  low  to 
permit  any  generalizations. 

Findings  from  Public  Health  Assessments 

The  ATSDR  public  health  assessmem  database  contains 
information  that  is  useful  in  assessing  the  overall  extent  of 
adverse  health  effects  associated  with  releases  of  hazardous 
substances.  The  database  contains  information  about  substan¬ 
ces  released  fiom  individual  sites  and  facilities,  citizens’ 
health  cotKems,  and  some  health  data  fixxn  state  and  local 
health  departments.  ATSDR  is  currently  consolidating  its 
dataheaes  into  a  single,  comprehettsivedMabeae  called  HAZ- 
DAT  to  probe  asaociations  between  releases  of  hazardous 
substances  and  health  outcomes.  The  Agency  anticipates  that 
HAZDAT  will  be  available  to  the  public  in  1992. 

Drawing  on  various  Agency  reports  and  documents,  it  is 
possible  to  summarize  some  of  the  principal  findings  to  date 
from  the  large  number  of  public  health  assessments  con- 
ducted.^^*^^  More  detailed  andyses  will  be  available  when  the 
HAZDAT  information  base  is  fully  operationaL 

Pubtto  Health  Assessments  and  Consultations 

•  The  majority  of  NFL  sites  on  the  list  through  1988 
are  eithCT  industrial  sites  (31%)  or  landfills  (30%). 

•  Several  volatile  organic  chemicals  (e.g.,  trichloro¬ 


ethylene,  benzene,  tetrachloroethylene)  and  metals 
(e.g.,  lead,  chromium,  arsenic)  are  the  substances 
most  often  identified  at  the  sites  as  potential  con¬ 
taminants  of  ctmoem  to  health. 

•  Overall.  ATSDR  estimates  tiiat  4.1  million  people 
live  within  1-mile  radii  of  the  72S  sites  for  which 
population  data  were  available,  resulting  in  an 
average  of  about  5700  persons  within  1  mile  of  each 
site.  (This  figure  should  be  undentood  in  terms  of  its 
limitations.  For  some  sites,  not  all  persons  witiiin  a 
1-mile  radius  are  at  risk  of  exposure,  depending  on 
migration  patterns  of  substances  releas^  In  addi¬ 
tion,  for  some  sites,  the  population  at  risk  of  exposure 
extends  beyond  a  1-mile  radius  where  there  is  docu¬ 
mented  groundwater  contamination.)  EPA  estimates 
that  approximately  41  million  people  live  within  4 
miles  of  a  Superfi^  site.^^ 

•  Using  data  available  in  1988,  ATSDR  reported  that 
conditions  and  exposure  pmentials  at  109  of  the  95 1 
sites  then  on  the  NPL  were  considered  to  constitute 
ongoing  or  probable  public  health  concerns,  a  health 
follow-up  rate  of  about  1U%.^^^  During  1990, 
ATSDR  implemented  a  more  intensive  health  action 
analysis.  (X  the  261  sites  reviewed  in  fiscal  year 
1991, 38%  were  identified  as  requiring  some  kind  of 
health  action. 

•  Because  of  their  recreational  activities  and  their 
propensity  for  hand-to-mouth  activities,  children 
less  than  6  yean  of  age  are  at  increased  risk  of 
exposure  to  contaminants  in  dirt  and  dusts,  compared 
with  older  children  and  adults.  Boys  are  more  likely 
titan  girls  to  come  into  contact  with  soil-laden  con- 
tamiiution. 

•  Where  off-site  migration  of  hazardous  substances 
occurred,  groundwater  was  often  contaminated.  For 
example,  using  data  available  to  ATSDR  in  1988, 
groundwater  was  contaminated  at  71%  of  sites  with 
documented  evidence  of  migration  of  metals  and  at 
88%  of  sites  with  such  evidence  for  volatile  organic 
chemicals.  Evidence  of  lead  migration  into 
groundwater  was  detected  at  about  17%  of  all  NPL 
sites,  based  on  health  assessment  data  fiom  95 1  NPL 
sites. 

•  Woridng  with  state  agencies,  ATSDR  has  found  tiiat 
the  overall  assessmem  of  potentiai  health  consequen¬ 
ces  fiom  historical  exposures  to  hazardous  sutatan- 
ces  is  a  matter  of  considerable  public  health 
importance.  For  example,  the  Agency  is  working 
with  one  state  health  departmem  to  advise  young 
women  whose  prior  exposure  to  lead  could  result  in 
endogenous  releases  of  lead  during  pregnancy. 

•  ATSIXl’s  health  consultations  confirm  that  acute, 
advene  healtii  effects  are  comnaonly  repotted  fol- 
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lowing  emergency  releases  of  hazardous  substances. 
Eye  irritation,  dermatologic  effects,  respiratory 
probleiru,  and  a  variety  of  neurologic  complaints 
constitute  the  bulk  of  these  acute  health  problems. 

•  neliminary  findings  fitom  a  surveillance  system  of 
emergency  events  indicate  that  two-thirds  of  hazard* 
ous  substance  releases  occur  from  stationary 
facilities;  one-third  occur  from  moving  equipment 

•  ATSDR’s  public  health  assessment  experience  indi¬ 
cates  that  large  numbers  of  minorities  live  near  haz¬ 
ardous  waste  sites.  A  report  from  a  public  interest 
group  suggests  that  mintmties  are  more  than  three 
times  as  likely  as  white  Americans  to  live  near  haz¬ 
ardous  waste  sites.^  The  Agency  is  currently 
developing  demographic  data  ^ut  who  lives 
around  Superfiind  sites. 

HMlth  InvMlIgations  arid  RagistrtM 

ATSDR’s  public  health  assessments  are  linked  to  inves¬ 
tigations  of  the  effects  of  hazardous  substances  on  the  etiol¬ 
ogy  of  chronic  disease  and  acute,  adverse  health  effects. 
ATSDR  has  identified  seven  Superfiind  Priority  Health  Con¬ 
ditions  that  will  be  the  focus  of  health  investigations  by  the 
Agency,  university  researchers,  and  state  health  investi¬ 
gators.  The  seven  conditions  were  identified  through  a  com- 
prdiensive  analysis  of  the  literature  on  toxicologic  and 
human  health  effects  associated  with  known  Superfiind  haz¬ 
ardous  substances  (Table  II). 

In  1987,  in  cooperation  with  state  agencies,  ATSDR 
undertook  a  series  of  human  exposure  assessments,  surveil¬ 
lance  projects,  and  qiidemiologic  health  investigations  of 
persons  who  may  be  at  increased  risk  of  esqiosure  to  hazard¬ 
ous  substances  released  from  waste  sites.  To  date,  the  Agency 
has  conducted  37  pilot  health  studies  (principally  exposure 
assessments),  18  epidemiology  investigations,  and  20  sur¬ 
veillance  projects.  The  aggregate  findings  from  diis  work  are 
currently  being  evaluated. 

In  general,  average  biological  exposure  levels  have  been 
low  compared  with  occupational  exposures  to  the  same  sub¬ 
stances.  However,  the  Agency  has  found  that  each  exposure 
assessmern  must  consider  the  distribution  of  all  exposures 
within  the  community  investigated,  not  relying  simply  on  the 
mean  or  median  value.^*^  Where  individu^  exce^  health- 

TABLE  H.  ATSOfTs  Superfiind  Priority  HMlth 

CendHIone  In  Alphabetical  Order _ 


BMh  dilscti  wid  npfoctuctN#  dtoofbifs 
Canein(s«tocl) 

IfivnuM  luncion  dtoofctes 

Kklniydyslunctlon 

Uw  dyslUndlon 

Lung  and  wspIraioiY  dssasss 

Nsurotodc  dbordsrs 


TABLE  HI.  Top-Ten  Supertund  Hazardoue  SubetancM* 


I.Lead 

6.  Cadmium 

2.  Aiaenic 

7.  Potychlorinaled  biphenyle 

3.  Mwosy 

8.Chlorofonn 

4.  Vinyl  chloride 

9.  Benzo(b)ftjoraneiena 

S.  Benzene 

10.  Trichteoettiylene 

*Nots;  Thssa  art  Ihs  top  10  substanoss  from  the  list  of  275  priori- 
tesd  substances.*** 


based  exposure  standards  or  guidelines,  ATSDR  works  with 
state  and  local  authorities  to  reduce  the  exposure  for  those 
individuals. 

ATSDR’s  national  exposure  registry  program  promises 
new.  important  information  on  the  health  effects  of  long-term 
exposure  to  low  concentrations  of  hazardous  substances.  The 
exposure  registry  is  a  listing,  along  with  health  status  infor¬ 
mation,  of  persons  who  have  had  exposure  to  a  hazardous 
substance  of  primary  imetest,  at  exposure  levels  of  concern. 
Such  registries  can  be  evaluated  over  time  to  assess  health 
trends.  (Currently,  the  Agency  has  established  national  sub- 
registries  of  persons  exposed  to  dioxin  (4  Nn.  sites)  and 
trichloroethylene  (13  N]^  sites),  has  initiated  a  subregistry 
of  persons  exposed  to  benzene,  and  has  plans  for  a  chromium 
subregistry.  The  Agency  considers  the  national  exposure 
registry  of  great  importance  for  determining  the  health  effects 
of  long-term  exposure  to  hazardous  substances. 


ATSDR  public  health  assessments  for  individual  hazard¬ 
ous  waste  sites  usually  involve  the  presence  of  mixtures  of 
hazardous  substances.  In  addition,  ATSDR  develops  risk 
assessment  estimates  for  individual  chemicals.  These  risk 
estimates  are  for  substances  prioritized  jointly  by  ATSDR 
and  EPA  Substances  are  ranked  by  frequency  at  NPL  sites, 
inherent  toxicity,  and  likelihood  for  human  exposure.  Cur- 
rendy,  275  substances  have  been  ranked.^^^  (The  top  ten 
substances  are  listed  in  Table  ID.) 

For  each  substance.  Superfund  requires  that  ATSDR 
develop  a  toxicological  profile  and  make  it  available  to  the 
public.  Each  profile  must  describe  what  is  known  about  a 
substance’s  toxicity  and  human  he^'*h  effects.  In  addition, 
determinations  as  to  the  levels  of  exposure  that  present  a 
significant  risk  to  human  health.  e.g.,  Sigruficant  Human 
Exposure  Levels  (SHELs).  must  be  provided  in  each  profile. 
Al^DR  is  currently  addressing  the  development  and  dis¬ 
semination  of  SHELs  by  determining  Minimal  Risk  Levels. 


The  ATSDR  Minimal  Risk  Level  (MRL)  is  defined  as 
"an  estimate  of  the  daily  human  exposure  to  a  dose  of  a 
chemical  that  is  likely  to  be  without  an  appreciable  risk  of 
adverse,  noncancerous  effects  over  a  specified  duration  of 
exposurB."^'^^  Inhalation  MRLs  are  exposure  concentrations 
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expressed  in  paits  per  million  for  gases  and  volatile  substan¬ 
ces  or  milligrams  per  cubic  meter  for  particles.  Oral  MRLs 
are  expressed  as  daily  human  doses  of  mg/kg/day.  ATSDR 
does  not  doive  MRLs  for  dermal  exposure,  owing  to  lack  of 
methodology  to  develop  them.  The  purpose  of  these  estimates 
is  to  provide  healdi  professionals  with  a  concept  of  levels  at 
which  adverse  health  effects  are  not  expected  to  occur  in 
humans.  They  are  not  meant  to  support  regulatory  action,  but 
die  MRL  should  serve  as  an  advisory  that  physicians  and 
public  healdi  officials  can  consider  when  making  recommen¬ 
dations  to  protect  populations  living  in  the  vicinity  of  hazard- 
ous  waste  sites  or  chemicai  emissions.  ATSDR  considers 
such  values  as  an  adjunct  to  the  overall  context  in  v^ch 
decisions  regarding  health  issues  are  made,  rather  than  a 
"pivot  point"  for  such  decisions. 

Because  chemicals  may  elicit  mme  than  one  toxic  effect, 
ATSDR  attempts  to  deterrriine  the  critical  efftet  in  the  target 
organ,  Le.,  the  first  adverse  effect  or  its  known  precursor  that 
occurs  as  the  dose  increases.  The  critical  effea  for  a  given 
exposure  duration  and  route  is  determined  only  after  assess¬ 
ing  the  scope  of  the  database  and  the  quality  of  all  studies 
idetrtifying  effects  by  the  route  of  exposure  being  considered. 
If  the  most  sensitive  target  system  cannot  be  identified,  the 
critical  effect  caiuwt  be  dete^ned.  U  follows  that  a  MRL 
cannot  be  derived  from  this  database. 

When  the  critical  effect  for  the  route  and  duration  has 
been  identified,  MRLs  are  derived  from  the  noKibserved- 
adverse-effoct  level  (NOAEL).  In  lieu  of  a  NOAEL,  an  un- 
certaiirty  factor  (UF)  of  10  is  employed  for  use  of  a  lowest- 
observed-advetse-effoct  level  (LOAEL).  Additional  UFs  of 
10  may  be  employed  for  animal-to-human  and  human-io- 
hutnan  extrapolations.  MRLs  can,  therefore,  have  uncertainty 
foctois  rangirtg  from  10  (data  derived  from  humans)  to  1(X)0 
(derived  from  animal  LOAELs).  MRLs  are  derived  using  the 
following  formula. 

MRL. 

UF 

The  determination  of  ATSDR’s  MRLs  relies  heavily  on 
the  same  methodology  used  to  derive  the  EPA  Reference  Risk 
Dose  (RfD).  Moreover,  personnel  from  both  agencies  serve 
on  work  grmqM  that  develop  each  of  these  numben. 

However,  there  are  some  key  difleiences  between  MRLs 
andRfDs.  ATSDR  develops  hfflLs  for  acute,  imermediaiB, 
and  chronic  exposure  tfairatians  and  for  both  oral  and  inhala¬ 
tion  routes  of  exposure.  EPA  develops  its  verified  RfDs  for 
chronic  oral  and  Reference  Concentrations  (RfCs)  for  inhala¬ 
tion  exposures.  It  is  current  ATSDR  policy  not  to  extrapolate 
datt  acroM  routes  and  durations  of  exposure;  rather,  phar¬ 
macokinetic  data  are  used  to  bridge  these  kinds  of  extrapola¬ 
tions,  if  such  data  are  available. 

MRLs  ate  not  applicable  to  nonihreahold  effects  such  as 
fenoioxiciqt  and  cancer.  The  Agency  accepts  the  categories 
ofcarcinofenB  as  publiahed  by  the  Dqiartnieta  of  Health  and 


Human  Services,  the  International  Agency  for  Research  on 
Cancer,  and  the  EPA.  It  is  Agency  policy  to  prevent  or 
mitigate  any  human  exposure  to  an  identifted  carcinogerL 

The  Agency  has  prepared  Toxicological  Profiles  for  130 
substances.  A  potential  exists  for  the  derivation  of 780  MRLs 
for  the  three  tfairation  and  two  exposure  categories.  To  date, 
187  MRLs  have  been  developed  and  are  found  in  individual 
Agency  toxicological  profiles.  As  can  be  inferred,  the 
Agency’s  scientists  found  database  irudequacies  that 
prohibited  the  development  of  many  MRLs.  These  inade¬ 
quacies  circumscribe  die  health  assessor’s  opportunity  to 
^iy  evaluate  the  potential  health  effects  posed  hazardous 
sutetances  at  a  site  or  release. 

Siqierfiind  directs  ATSDR  to  initiate  a  program  of  re¬ 
search  to  fill  data  needs  for  priority  hazard^  substances. 
ATSDR  initiated  the  program  in  1991  through  an  an¬ 
nouncement  of  the  data  needs  for  38  priority  substances.^*  ** 
As  an  example,  ATSDR  identified  key  data  needs  for  arsenic 
to  be  1)  comparative  toxicokinetics,  2)  determination  of  half- 
lives  in  surface  water  and  groundwater,  and  3}  bioavailability 
from  soil.  The  findings  from  this  program  of  research  should 
be  quite  useful  in  improving  the  scientific  database  used  in 
chemical  risk  assessment 

ATSDR’s  experience  in  developing  MRLs  has  led  to 
some  observations  about  the  process.  One  key  observation  is 
the  problem  of  dataquality.  What  constitutes  acceptable  data? 
How  does  a  governmental  agency  assess  the  adequacy  of 
experimental  investigations,  assurance  of  data  quality,  and 
confidence  in  interpretation  of  findings  by  investigators 
whose  work  may  be  crucial  for  determining  an  MRL?  Any 
risk  assessor  frees  this  question  in  a  variety  of  ways.  Current¬ 
ly,  no  agreed-upon  standards  are  available,  and  the  subject  of 
data  quality  is  currently  being  discussed  by  the  World  Health 
Organization’s  International  Program  on  Chemical  Safety 
and  various  national  ageiKies. 


Based  on  its  experiences  conducting  public  health  as¬ 
sessments  of  SuperfM  sites  and  deriving  MRLs  for  substan¬ 
ces  in  its  toxicological  profiles,  togetiier  witii  the  invdvement 
of  its  technical  staff  in  developing  risk  reaessment  policies 
and  procedures  at  federal  and  state  levels,  ATSDR  recom- 
mends  the  following  to  improve  risk  assessments  of  in¬ 
dividual  chemicais. 

•  Risk  assessments  should  state  clearly  the  key  as¬ 
sumptions,  uncertainties,  and  limitations  inherent  in 
conducting  each  risk  assessment  This  information 
should  be  routinely  provided  to  the  risk  nuuiager  and 
to  other  usen  of  tte  risk  assessment  Consideration 
might  be  given  to  presenting  risk  as  a  range  rather 
than  as  a  single  poim  estimate. 

•  The  science  undergirding  risk  asaessmem  must  be 
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improved  through  a  program  of  directed  research.  In 
pabular,  priority  ^ould  be  given  to  research  on 
human  exposure  assessment,  pharmacokinetics,  ex¬ 
trapolations  between  species  and  between  routes  of 
exposure,  and  basic  mechanisms  of  toxicity.  It  is 
inqxxtant  that  the  methods  required  for  utilizations 
of  these  kinds  of  data  in  the  context  of  risk  analysis 
should  be  a  component  of  this  directed  research. 

•  Weight-trf'-evidence  and  weight-of-judgment  should 
be  included  in  conducting  risk  assessments.  Also, 
consideration  should  be  given  to  "negative-out¬ 
come"  studies  as  well  as  those  with  positive  out¬ 
comes. 

•  Models  that  have  not  been  validated  with  experimen¬ 
tal  data  should  be  viewed  skeptically.  This  suggests 
the  increased  use  of  biologic^y  bued  risk  assess¬ 
ments. 

•  Agencies  should  consider  adopting  independent, 
scientific,  peer  review  of  risk  assessments  and 
providing  (baft  versions  to  the  public  for  review  and 
reaction.  ATSDR  practices  both  of  these  actions 
edien  developing  its  toxicological  profiles  and  other 
reports.  These  actions  enhance  the  scientific  quality 
of  risk  assessments,  in  ATSDR’s  experience. 

•  In  die  absence  of  adequate  scientific  information,  a 
risk  assessment  should  not  be  done.  All  risk  assess¬ 
ments  acquire  a  certain  degree  of  permanency,  and 


those  that  are  po(»1y  developed  are  difficub  to  retract 
or  revise  and  lead  to  diminished  credibility  of  the  risk 
assesstv.  Rather  than  developing  a  risk  assessment 
predicated  on  an  insecure  foundation,  it  is  better  to 
identify  and  conduct  the  key  research  needed  to 
perform  a  specific  risk  assessment 
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The  fundamantal  assumfmon  that  thrMholda  exist  tar 
noncvcinogvfiic  hmic  mtwcn  qi  rrniniciti  is  rsviswsQ«  inis 
assumplior)  tarms  the  tMSis  tar  the  no-obsarved-eftoet  level/ 
aafeh^factor  (NOEL/SF)  approach  to  riskassessment  tar  such 
effscts.  The  origin  and  evolution  of  the  NOELySFspproach  are 
traced,  and  its  limitations  are  discussed.  The  recently 
proposed  use  of  dose  response  modeling  to  estimato  a 
banchmark  dose  as  a  raplaoement  tor  the  NOEL  is  explained. 
The  posstaiMty  of  expanding  dose-response  modeling  of  non- 
carcinogenic  effects  to  induda  the  estimation  of  assumed 
thresholds  is  discussed.  A  new  method  tor  conversion  of 
quantitativo  toxic  responses  to  a  probability  scale  tor  risk 
assessment  via  dose  response  modeing  is  outlined. 

Ifitioductlon 

Risk  assessment  for  toxic  chemicsis  that  do  not  induce 
carcinogenic  or  mutagenic  effocts  has  trsdhianally  been 
baaed  on  the  fundamental  assumpdon  that  there  are  l^els  of 
exposure  for  such  agents  below  which  adverse  health  effects 
will  not  occur,  even  if  erqxMUie  is  long  term  (Hguie  1). 
Biological  underpinnings  for  this  "threshold”  concept  include 
the  feet  that  the  toxicity  of  many  chemicals  is  manifest  in 
exposed  subjects  only  after  the  depletion  of  a  known 
pb^ological  reserve  and  tiiat  the  biological  repair  capacity 
of  many  organisms  can  accommodate  a  certain  degree  of 
damage  by  reversible  toxic  processes.^**^^  The  objective  of 
risk  assessment  for  noncarcinogenic  chemical  effects  has  thus 
been  to  establish  a  "threshold  dose”  below  which  advene 
health  effects  ate  not  expected  to  occur. 

flNi  NOEL/Sataty  Fietor  Approach 

The  classical  approach  to  risk  assessment  fbr  ooocar- 
dnogenic  chemical  effects  is  comnonly  believed  to  have 
orignatod  with  the  setting  of  safe  levels  of  food  additives. 
Establiahtnent  the  acceptable  daily  intake  (ADI)  by  the 
Itanmla 

Aoi.!»iL 

SF 

evolved  ftom  the  work  ofLehman  and  Rtahugh.^who  wrote 
apoul  ansnipis  to  pieoict  me  safety  or  a  proposed  rood 


additive  to  humans  in  terms  of  toxicity  in  animals.”  Here 
NOEL  stands  for  no-observed-effect  leveL  a  term  derived 
from  what  Lehtruai  and  Fitzhu^  called  "tiud  dose  just  short 
of  causing  an  observable  effecL”  and  SF  statxls  fbr  safety 
fictor,  a  quantity  applied  in  order  to  allow  for  uncertainties 
in  exnqxdating  from  animals  to  humans. 

The  term  NOEL  as  used  today  may  be  defined  loosely  as 
the  highest  experimental  dose  level  (or  hurruui  exposure 
level)  at  whidi  adverse  effects  are  not  observed  (Figure  2). 
Generally,  individual  NOELs  are  established  fbr  individual 
toxic  effects.  The  origitud  SF  proposed  by  Lehman  and 
Rtdaigh^^  was  100,  which  rqnesented  afectm  of  10  to  allow 
for  differences  in  sensitivity  to  die  test  agent  in  humans  as 
compared  toexperimental  animals  (inteispecies),  andafector 
of  10  for  variation  in  sensitivity  within  the  human  population 
(intraspecies).  The  lOO-frild  safety  fector  gained  acceptance 
overtime.^^^ 

Modifications  to  the  NOEL/SF  ApproMh 

In  1977,  the  National  Research  Council’s  Safe  Drinking 
Water  Committae^^^  recormnetKled  several  changes  in  the 
setting  of  ADb.  ft  proposed  that  the  N(XL  be  expressed  on 
a  body  weight  basis  (mg/kg  body  wei^)  rather  than  a  dietary 
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percentage  basis  (mg/kg  diet).  The  OMiunittee  also  endorsed 
the  reduction  of  the  100-fold  safety  factor  to  only  10-fold  if 
the  NOEL  was  based  on  human  data  but  lecommended  that 


the  safety  factor  be  increased  to  1000-fokl  if  toxicity  data 
were  inadequate  to  establish  a  NOEL. 

Although  the  NOEL/SF  approach  has  been  and  still  is 
papular  in  icgulatoiy  toxicology,  it  is  subject  to  serious 
scientific  limitations.  Smaller,  less  sensitive  experiroems  tend 
to  yield  larger  NOELs  and,  hence,  huger  ADb  than  larger, 
more  sensitive  experiments.^’*^  Safety  factors  of  10-foid  for 
intraspecies  and  intetspecies  conversions  are  somewhat  ar- 
bitraty  and  cannot  be  guaranteed  to  provide  absolute  as¬ 
surance  of  safety^*^  (Figure  2). 


In  recognition  of  the  above  Umitatioas,  the  U.S.  Environ¬ 
mental  Protection  Agency  (EPA)  recently  tecotmnetxled 
several  changes  in  the  setting  of  acceptable  levels  for  toxic 
effects  other  than  carcinogenicity.^*^^*^  Instead  of  calculat¬ 
ing  an  ADL  the  EPA^'*’^  tecortunended  that  a  "reference  dose" 
(RfD)  be  established  according  to  the  ejqneasion 


RfD. 

UFxMF 


where:  NOAELano-observed-advetse-effect  level  (mean¬ 
ing  failure  to  achieve  statistical  sig- 
nificanoe) 

UFaunceitain^  factor  as  opposed  to  a  safety 
factor 

MFatnodifying  factor  to  be  used  in  cases  of 
acierttific  uncertainties  about  the  data 


The  UF  is  a  composite  of  10-fold  factors  for  interspeciet  and 
hnaspecies  uncertainties,  uncertainties  in  extrapolating  from 
aubchronic  to  chronic  effects,  and  uncertainty  associated  with 
the  use  of  a  LOAEL  (lowest-observed-adverae-effect  level) 
hi  cases  when  a  NOAEL  cannot  be  idetnified.^**^  faadditioo 


to  these  sources  of  uncettainqr,  the  National  Researeh 
Council’s  Committee  on  Toxietdogy^**^  routindy  considets 
differences  in  route  of  exposure  in  determining  the  siae  of 
appropriate  safety  fectors;  the  EPA  does  not 

If  foe  level  of  a  toxic  agent  to  which  luimans  are  already 
exposed  or  are  likely  to  be  exposed  is  known  or  can  be 
esrimaied,  and  the  degree  of  safety  associated  with  such  a 
level  is  desired,  foen  the  applicatian  is  sittgrly  reversed.  In 
sudi  a  case,  the  potential  risk  to  humans  is  assessed  by 
calculating  a  margin  of  safety  (MS)  defined  by 

MS. 

HEL 

where:  HEL  >  human  exposure  level 

ExpUdt  Risk  Estf  mation 

Although  the  potential  for  dose-response  modding  of 
both  quantal  and  quantitative  noncarcinogenic  toxic  respon¬ 
ses  was  illustrated  by  foe  Safe  Drinking  Water  Committee  of 
foe  National  Resell  Council,^’*^  it  did  not  tecommetKi 
changing  from  the  NOEL/SF  approach  for  the  assessment  of 
noncarcinogenic  hazards.  Recently,  however,  efforts  have 
been  made  in  foe  area  of  statistical  modeling  of  such  adverse 
health  effectt  in  order  to  exploit  the  shape  of  the  dose- 
response  curve  and  to  accourtt  for  the  precision  of  estimates 
of  acceptable  levels  of  chemicals. 

The  concept  of  a  benchmark  dose  (BD)  has  been 
proposed  as  a  replacement  for  the  NOAEL.^^  The  BD  is 
defined  as  a  .statistical  lower  confidence  limit  on  foe  dose 
produemg  some  predetermined,  relatively  sttudl  increase  in 
response  rate  (riskX  sudi  as  0.01  or  0.1  (Hgure  3).  The  BD 
is  promoted  as  representing  a  toxkologically  relevant  quan¬ 
tity  because  it  is  ^fitted  in  the  spirit  of  a  LOAEL.,  although 
it  is  not  usually  an  experimental  dose  level.  It  makes  ap- 
proiniaie  use  of  foe  sample  size,  as  reflected  in  foe  magnitu^ 
of  the  confidence  limiL  The  BD  exploits  the  shape  (steepness) 
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of  the  doM-iesponse  curve  in  the  experimenttl  range;  how¬ 
ever,  h  does  not  depend  strongly  on  the  piiticular  statistical 
model  used  because  the  model  is  not  foUowed  below  the  1% 
response  level. 

Grump^^  has  recommended  redefinidoo  of  die  ADI  ac¬ 
cording  to 


Gaylor^^  proposed  that  the  BD  could  be  used  to  determine 
the  size  of  the  SF  needed  to  achieve  a  desired  low  level  of 
risk.  In  this  sense,  Gaylor  argued  diat  setting  an  aocqitable 
levd  of  a  chemical  by  dividing  a  BD  by  a  SF  was  equivalent 
to  linear,  low-doae  extrapolation.  EPA  is  currently  proposing 
the  BD/SF  approach  for  setting  levels  of  reprodhictive  and 
developmental  toxicants. 

MocMing  Quantal  Rmpoiwm 

The  prirtury  effort  in  dose-iesponae  modeling  of  quantal 
toxic  responses  has  been  for  lepitxfaictive  and  developnrental 
advene  efiects.^'^*^  By  wi^  of  UlustntiQn,  Chen  and 
Kodell^'^  employed  a  WeibuU  doae*response  model  for 
prediction  of  toxic  effects  and  a  beta-binomial  probability 
diatributian  to  account  for  intralitter  correlation  of  fetuses. 
For  quantitative  risk  asaesament,  they  recommended  linear 
extrapolation  below  the  BD-LEDOl,  Le.,  the  BD  that  cor¬ 
responds  to  1%  excess  risk  above  background  risk.  Thus,  the 
dose-response  model  was  proposed  specifically  to  improve 
die  estimation  of  a  BD,  rather  than  as  a  tool  for  extrapdation 
fer  below  the  data  range. 

In  an  effort  to  translate  the  threshold  concept  underlying 
the  NOEL/SF  approach  to  the  more  quantitative  approach 
offered  by  statiidiral  modeling,  Kodell  et  aL^**^  proposed  a 
threshold  model  for  reproductive  and  developmental  toxicity. 
If  a  threshold  is  assumed  to  exist,  it  can  be  estimated  by  way 
of  statistical  dose-response  modeling  (Figure  4).  However, 
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as  pointed  out  by  Kodell  et  such  modding  cannot  of 
itself  be  used  to  establish  the  existence  or  nonexistence  of  true 
thresholds.  Whereas,  the  lower  confidence  limit  on  an  as¬ 
sumed  threshold  mi^  often  be  zero  even  whoi  a  nonzero 
threshold  value  is  estimated  in  the  best-fitting  model,  simply 
ttieiurfing  the  possibility  of  a  threshold  in  a  dose-response 
model  will  tend  to  give  higher  BDs  than  excluding  the  pos¬ 
sibility  of  a  threshold  altogether.  Even  with  estimated 
thresholds,  safe^  fecton  are  necessary  to  accoum  for  uncer¬ 
tainties  in  interspecies  and  intraspecies  differences. 

ModnIIng  Quantitativn  Rwponw 

Unlike  traditional,  quantal,  teratologic  reqxmses,  many 
toxic  reqronses  are  quantitative  in  nature.  Some  examples 
include  organ  and  body  weights,  survival  time,  clinical 
chemistry  and  henutology  measurements,  neurological  ef¬ 
fects,  and  bdiavioral  effects.  For  risk  estimation,  these 
response  variables  must  be  transformed  to  a  probability  scale. 
Then  a  BD  can  be  calculated  and  used  for  risk  assessment 

A  fundamental  approach  to  risk  assessmeitt  for  quantita¬ 
tive  responses  has  been  proposed  by  Gaylm’  and  Slikker^*^^ 
and  Anther  developed  by  Chen  and  Gaylor.^  In  short  the 
process  involves  four  basic  steps.  Fitst  a  dose-response 
relationship  for  the  expected  value  of  a  given  quantitative  end 
point  must  be  postulated.  Next  a  statistical  distribution  of 
individual  measurements  about  the  dose-response  curve 
(e.g„  normal)  must  be  assumed.  Third,  an  abnormal  or  ad¬ 
verse  range  of  the  distribution  for  the  given  end  poirtt  must 
be  defined,  e.g.,  a  low  percentage  point  perh^is  1%,  of  the 
distribution  in  control  subjects.  Rnally,  the  previous  three 
steps  are  coroMned  to  calculate  the  probability  (risk)  of  an 
advene  effect  as  a  ftmction  of  dose  (Figure  3).  As  with  die 
quantal  response  models  discussed  above,  the  dose-response 
model  for  quantitative  responses  is  used  to  improve  die 
estimttion  of  a  BD  at  the  lower  extreme  of  the  data  range;  it 
is  not  for  extrapolation  below  that  poim. 


nouilBS, 


40 


Chemical  Risk  Anaumant 


Summary 

Oassical  risk  assessment  for  noncaicinogenic  chemical 
effects  has  assumed  that  chemical  levels  associated  with  zero 
risk  can  be  identified.  Le.,  it  has  been  threshold-based.  This 
is  evidenced  by  the  use  of  NOELs  as  representing  safe  levels 
forpaiticular  test  species.  Sources  of  uncertainty  with  respect 
to  characterizing  human  risk  based  on  animal  data  have  been 
recognized  from  the  beginning,  as  indkaled  by  the  use  of 
safety  factors  in  converting  animal  NOELs  to  acceptable 
humm  exposure  levels.  The  passage  of  time  has  seen  the 
incotpoiation  of  additional  sources  of  uncertainty  into  safety 
factors  used  in  the  risk  assessment  process.  In  addition,  a 
movement  has  begun  toward  explicit  risk  estimation  for  both 
quantal  and  quantitative  toxic  re^Mnses  through  the  use  of 
dose-response  tiMdeling.  This  modeling  has  had  as  its  pur¬ 
pose  the  estimation  of  a  BD  to  replace  the  NOEL,  as  opposed 
to  low-dose  extrapolation  per  se.  Some  models  have  included 
die  possibility  of  a  thre^ld.  in  the  spirit  of  the  NOEL 
approach,  in  order  to  exploit  underlying  biological  theory, 
where  justified. 
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Although  animal  studiee  have  been  used  moat  often  for 
quantitativo  risk  assassmont,  it  is  ganarally  rsoognizod  that 
wel  conducted  spidsmiologic  atudiss  would  provids  the  best 
basis  for  estimating  human  risk.  However,  there  are  several 
features  related  to  the  design  and  analysis  of  spidomiologic 
studies  that  frequently  limit  their  usefulness  tar  quantitating 
risks.  Ihe  lack  of  aocurats  intarmation  on  exposure  in 
spktamiotagic  studies  is  perhaps  the  most  frequently  dted 
limitation  of  these  studies  tar  risk  assessment  However,  other 
features  of  epidemiologic  study  design,  such  as  statistical 
power,  length  of  tallow-ia).  confounding,  and  effect  modifica¬ 
tion,  may  aiao  limit  the  inferences  that  can  ba  drawn  from  these 
studies.  Furthermore,  oven  whan  the  aforementioned  limita¬ 
tions  are  ovarooma,  substantiai  uncertainty  exists  concerning 
the  choioa  of  an  appropriate  statistical  (or  biologic)  model  tar 
extrapolation  bey^  the  range  of  exposures  observed  in  a 
particular  study.  This  paper  focuses  on  presenting  a  review 
arta  discussion  of  the  methortologic  issues  invoived  in  usirtg 
epidemiologic  studies  tar  risk  assessment  This  review  con¬ 
centrates  on  the  use  of  retrospective,  cohort  mortality  studies 
of  occupational  groups  for  assessing  cancer  risk  becsuisa  this 
is  the  most  common  application  of  spidomiologic  data  tar 
quantltativs  risk  assessment  (QRA).  Epidemiologic  data 
should  not  be  viewed  as  a  panacea  tar  the  problems  inherent 
in  using  animai  bioassay  data  tar  QRA.  Rather,  intarmation 
that  can  be  derived  from  opktamioiogicarKj  toxicologic  studios 
complement  one  another,  and  both  data  souross  need  to  be 
used  to  provido  the  best  charactsrization  of  human  risk. 

Introduction 

Risk  assessment  is  an  emerging  discipline  that  involves 
the  characterization  of  risks  from  human  exposures  to  en¬ 
vironmental  or  occupational  hazards.  The  process  has  been 
defined  as  having  the  following  frxtr  steps:  1)  identification 
of  hazards,  2)  exposure  assessment.  3)  estimation  of  dose- 
response  teladonships,  and  4)  the  chatactetizatioo  of  risk. 
The  numerical  quandficatian  of  the  risk  associated  with 
human  exposures  hat  been  generally  refetied  to  as  quaittita- 
tive  risk  assessment  (QRA)/*^ 

To  date,  most  risk  assessments  have  been  based  upon 
analyses  of  animal  bioassay  data.  Considerable  uncertainty 
generally  surrounds  risk  esdmaies  derived  from  analyses  of 


animal  studies  because  of  the  need  to  extrqrolate  between 
species  and  from  the  relatively  high  doses  administered  to 
animals  to  the  relatively  low  levels  of  human  exposures. 

These  uncertainties  have  led  some  authors  to  question 
the  relevance  of  data  from  experimertts  in  which  animals  ate 
exposed  to  high  doses  for  predicting  human  risk^^  and  to 
suggest  reliance  on  epidemiologic  data  for  QRA.  Other  re¬ 
searchers  have  demoiistrated  a  reasonably  strong  correlation 
between  cancer  potertcy  estitrtates  derived  from  assessments 

^  ^  /j  4) 

based  on  toxicologic  and  epidemiologic  data'  ’  'supporting 
the  validity  of  using  animal  bioassay  data  for  predicting 
human  risk. 

Despite  the  uncertairrties  described  above,  there  will 
continue  to  be  a  need  to  perform  QRAs  based  on  animal 
bioassay  data.  The  alternative  is  to  wait  until  greatly  im¬ 
proved  epidemiologic  information  is  developed,  which  is 
socially  unacceptable.  Furthermore,  because  of  the  nonex- 
perimentil  nature  of  epidemiologic  investigations,  data  from 
these  studies  have  their  own  limitations  that  may  often  intro¬ 
duce  additional  uncertainties  into  the  risk  assessment  process. 
The  purpose  of  this  paper  is  to  provide  a  review  of  the  key 
methodologic  issues  and  attendant  uncertainties  related  to  the 
design  and  aruiysis  of  epidemiologic  studies  for  QRA.  This 
discussion  will  primarily  focus  on  the  use  of  retrospective, 
cohort,  mortality  studies  of  occupational  groups  for  assessing 
cancer  risk  because  this  is  the  most  comtiwn  application  of 
epidemiologic  data  for  QRA. 


In  contrast  to  experimental  studies  in  animals,  the  obser- 
vational  nature  of  qridemiologic  investigations  generally  in¬ 
troduces  numerous  sources  of  uncertainty  into  the  QRA 
process.  Unlike  toxicologists,  qndemiologists  generally  can¬ 
not  randomly  assign  exposures  to  the  toxic  agem  under  study, 
nor  can  they  limit  exposures  to  other  potential  disease  risk 
frcton  that  may  bias  and  otherwise  distort  the  relationship 
between  exposure  and  disease.  Risk  asaesson  need  to  be 
cognizant  of  the  following  issues  related  to  the  design  of 
epidemiologic  studies,  which  may  introduce  substantial  ut>- 
certainties  imo  the  QRA  process. 
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Exposura  and  Dose  Esdmadon 

The  leek  of  adequate  infonnstion  on  exposure  is  the  most 
fiequentiy  cited  reason  for  rejecting  qiidemiologic  datsas  the 
basis  for  QRA.  This  is  paiticularty  a  pmblem  for  retrospec¬ 
tive,  cohott,  mortality  s^es  of  occupational  groups  because 
information  on  levels  of  exposure  is  firequendy  lacing  during 
the  early  time  periods  of  diese  studies.  This  situadon  may 
improve  as  companies  increase  their  routine  collection  of  data 
on  occupatiotul  exposures.  Considerable  progress  has  also 
been  iruide  in  developing  better  methods  for  estimating  his¬ 
torical  exposures  in  the  worlqrlace.^^ 

Even  if  oidy  crude  estinuoes  of  exposures  are  available, 
epidemiologic  data  can  still  be  useful  for  QRA.  At  the  very 
least,  if  a  range  of  likely  exposures  can  be  estimated  for  an 
epidemiologic  study,  dim  a  range  of  possible  risk  estimates 
can  also  be  derived  from  the  study.  This  range  of  risk  es¬ 
timates  can  then  be  used  to  chedc  whether  the  estimates 
derived  from  an  animal-baaed  model  appear  to  be  reasonable, 
i.e..  are  they  in  the  range  of  the  possible  qiidemiologic 
estimates. 

Ideally,  infotmation  on  doses  to  the  target  tissues  should 
be  used  for  petfotming  QRA  using  epidemiologic  and  animal 
bioassay  d^  If  die  target  tissue  dow  is  a  linear  function  of 
the  extenud  exposure,  then  use  of  the  external  exposure  is 
appropriate  for  QRA.  However,  if  one  needs  to  extrapolate 
bqrond  the  range  of  the  epidemiologic  data,  then  use  of  the 
external  exposure  may  produce  unrealistic  estimates  of  risk 
if  the  relationship  between  external  exposure  and  target  tissue 
dose  is  nonlinear.  Moreover,  extrapolations  from  models 
baaed  on  epidemiologic  data  may  be  undermined  by 
physiologic  and  other  differences  within  the  human  popula¬ 
tion  uidess  estinutes  of  dose  rather  than  exposure  are  ua^  for 
the  assessment  For  example,  a  model  bas^  on  a  study  of  the 
effects  of  respiratory  exposures  in  a  working  male  population 
could  not  be  validly  used  for  predicting  risk  to  a  nonworking 
female  population  unlesa  dositnettic  adjustments  were  made 
for  ftrtOT  such  as  differences  in  ventil^on  rates. 

Direct  measurements  of  target  tissue  doses  will  mely  (if 
ever)  be  available  in  occupational,  cohort,  mortality  studies. 
However,  physiologically  and  pharmacologically  baaed 
models  have  recently  been  apidied  to  the  estimation  of  target 
tissue  doses  to  improve  extrapolations  from  animal  studies  to 
predict  human  riak.^*^  These  models  mqr  also  find  applica¬ 
tions  for  improving  risk  estimation  baaed  on  qiidemiologic 
studies.  In  addition,  biological  markets,  such  as  DNA  and 
protein  adducts,  m^  also  be  useftil  for  estimating  at  the 
molecular  level  the  d^  to  target  tissues  in  qiidemiologic  risk 
assessments.^’*^ 

The  potential  influence  of  exposure  miaclassification  on 
risk  estimates  derived  ftom  epkkaniologic  studies  is  an  area 
rerptiring  additional  investig^on.  fi  is  often  assumed  that 
nomiiffRcntial  miaclassification  of  exposure  will  result  in  a 
weakening  of  the  dosOHresponae  relationship  and,  thus,  an 


underestimation  of  the  risk  associated  with  exposures.  How¬ 
ever,  it  has  been  shown  that  exposure  misclasitification  may 
result  in  biased  risk  estimates  in  either  direction.^'***^ 

Confounding 

Perhaps  the  greatest  obstacle  toward  utilizing 
epidemiologic  studies  for  risk  assessment  is  the  potential  for 
c^ounding  by  other  risk  factors.  Qmfounding  is  the  mixing 
of  effects  in  which  the  estimate  of  the  diect  of  eqiosure  is 
disttnted  by  the  effect  of  an  extraneous  factor.^'  In  occupa¬ 
tional,  cohort,  mortality  studies,  potential  confounding  fre¬ 
quently  exists  due  to  the  presence  of  multiple  exposures  found 
in  the  workplace  or  due  to  differences  betwm  the  study 
population  1^  the  referent  population  in  terms  of  personal 
risk  foctors  (e.g..  smoking). 

Qmfounding  in  experimental  (i.e.,  animal)  studies  is 
effectively  limited  (althwgh  not  eliminated)  by  landomiza- 
tion  of  exposure.  In  nonexperimental  (i.e..  epidemiologic) 
studies  in  which  randomization  of  exposure  is  not  performed, 
confounding  variables  may  not  be  randomly  distributed  be¬ 
tween  the  exposed  and  nonexposed  groups.  Although  the 
influence  of  measured  confoundeis  may  be  controlled  for  in 
the  analysis  of  epidemiologic  studies,  the  possibility  of  con¬ 
founding  by  unmeasured  confoundets  can  never  be  fully 
eliminated.  Greenland^*^^  has  also  emphasized  that  the  failure 
to  randomize  and  the  resulting  potei^  for  confounding  in 
epidemittiogic  studies  undermines  the  interpretability  of  the 
inferential  statistics  diat  are  generally  used  in  these  studies 
(Le.,  p  values  and  confidence  intervals).  Thus,  the  true  uncer¬ 
tainty  in  the  results  from  epidemiologic  studies  may  not  be 
fully  estimable  because  of  unrecognized  confounding. 

Effect  Modification 

Effect  modification  (interaction)  in  epidemiologic 
studies  is  also  an  important  consideration  for  QRA.  Effect 
modification  refers  to  achange  in  the  magnitude  of  an  effect 
measure  (e.g.,  rate  ratio)  according  to  die  value  of  an  addi¬ 
tional  variable.^’’^  The  risks  in  occupational  cohort  studies 
may  be  modified  by  related,  time-dependem  covariates  such 
as  age  at  first  exposure,  time  since  first  exposure  (enqiirical 
induction  period),  or  time  since  last  exposure;  risks  may  also 
be  modified  by  penonal  habits  such  as  cigarette  smoking  or 
by  other  exposures  found  in  the  workplace.  When  recognized 
and  properly  analyzed,  effect  modification  may  be  viewed  as 
an  advantage  of  ^idemiologic  data  over  anirrud  bioassay  data 
for  QRA  because  it  provides  infotmation  on  how  exposures 
interact  in  the  real  world.  However,  unrecognized  effect 
modification  may  introduce  additional  uncertainties  into  the 
extrapolation  of  the  results  ftom  an  epidemiologic  study  to 
other  populations  in  QRA. 

Sample  Size  and  Statistical  Power 

E^demiologic  studies  are  relatively  insensitive  for 
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TABLE  L  Sampto  Sta*  EtUmalM  for  Detecting  Vaiying  Uvato  of  Excms  Lung  Cancer  Riak 
In  a  Hypothetical,  Ratroapactlva,  Cohoit.  Moftaitty  Study _ 


Aasumad 

Risk 

Ralativo 

Risk  (SMR)^ 

Expected 

Deaths^ 

Person 

Years® 

Number  of 
Workers® 

lor* 

1.20 

170 

217.161 

4443 

lor* 

1.02 

15.605, 

2.0x10^ 

399  x  605 

itr* 

1.002 

1.5x10* 

ZOxlO* 

39.6  X  10* 

lor* 

1.0002 

IJxlO* 

2.0x10” 

•39.6  X 10” 

'TteWIvvriitacteajtalKl  Ming  a  background  rite  (cMnuiaiiMprabablity)  of  0.M  for  davteiping  lung  caries 


lor  malaa over  aga  15.  baiad  upon  tha  proponion  of  daaiw  from  lung  cancer  among  U.S.  tnaiaa  over  aga  IS 
in  1952.^^^ 

"Ex^dad  number  of  daalha  calculalod  uaing  formuta  from  Beaumont  and  Braatow.*'*’ aaauming  80%  power 
(1-5).aloMlofO.OS(14ai0.andthaealoutatadraMlvafiak. 

*^Paraon-yaaracalculalad  by  dhadkigfhaaapactad  number  of  daalha  by  the  lung  cancer  rate  (7.8xi0~*)  among 
mPaa  between  the  agaa  0145  and  S4  baaed  on  U.S.  mortality  ralaa  from  1982.*”’ which  iaapproximalaiy  the 
ewerafie  nf  lha  hvnfilhaliral  fwirirte1**>r 

’’Numbar  of  workare  ealeulalod  by  aaauming  each  workar  conMbutad  50  parBon-yoare  to  the  BbJdy. 


detecting  the  levels  of  risk  that  are  of  general  concern  to 
regulatory  agencies  and  that  need  to  be  estiinated  in  QRAs. 
Aldwugh  rigid  criteria  for  significant  (deminimus)  risk  have 
not  been  established,  the  U.S.  Environmental  Protection 
Agency  (EPA)  and  Food  and  Dnig  Administration  have 
generally  set  regulations  to  limit  risks  to  between  1  per 
100,000  and  1  per  1,000,000.  The  Occupational  Safety  and 
Health  Administration  (OSHA)  in  its  most  recent  rulings  on 
carcinogens  has  generally  adopted  exposure  limits  that  cor* 
respond  to  a  lifetime  risk  of  1  per  1000  workers. 

Estimates  of  the  population  size  required  for  a  retroqwe- 
tive,  cohotL  mortality  study  to  have  80%  statistical  power^ 
(at  a  s  0.0S)  for  detecting  lung  cancer  risks  corresponding  to 
the  levels  of  risk  of  between  1  per  l(X)and  1  per  million  are 
presented  in  Table  L  These  estimates  were  constructed  fora 
hypothetical  cohort  of  male  woikers  who  were  followed  for 
SO  years.  In  practice,  the  average  period  of  follow-up  in  most 
occupational  cohort  mortality  studies  is  considerably  less 
than  SO  years;  thus,  these  estimates  are  most  likely  underes¬ 
timates  of  the  true  sample  sizes  that  would  be  required. 

It  is  readily  apparent  from  Table  I  that  extremely  large 
sample  sizes  wnould  be  needed  to  detect  the  levels  of  risk  of 
concern  to  U.S.  regulatory  agencies.  Even  at  the  nominal 
deminimusrisklevelof  1  per  KXX)  (used  by  OSHA),  a  sample 
size  of  nearly  400,(X)0  workers  would  be  required.  Few 
retrospective.  cohofL  mortality  studies  have  been  performed 
that  have  included  this  many  workers,  and  thus,  it  is  extremely 
unlikely  that  sufficiently  large  cohorts  can  be  identified  to 
detect  risks  below  1  per  1000.  It  is  also  noteworthy  that  few 
epidemiologists  would  be  willing  to  accept  relative  risk  es¬ 
timates  as  low  as  those  presented  in  Table  I  as  being  causally 
significant  (even  if  it  was  statistically  significant)  because  it 


^Ore  Mini  dw  probability  (5)  of  oMkiag  a  type  Q  Wfor  (hUng  10  leiBet  Sw 
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is  difficult  to  fully  dismiss  the  potential  for  confoutxiing  at 
such  low  levels  of  relative  risk. 

Therefore,  negative  epidemiologic  studies  generally 
cannot  be  used  to  rule  out  the  levels  of  risk  that  are  of  concern 
to  regulatory  agencies  because  of  the  limitations  in  statistical 
power  discussed  above.  Negative  epidemiologic  snidies. 
however,  may  still  be  useful  for  developing  a  likely  upper 
bound  (Le.,  confidence  interval)  on  the  risk  of  exposure. 

Meta-analysis,  which  involves  the  combination  of  study 
results,  may  be  used  to  improve  the  sensitivity  of  qri- 
demiologic  studies.^*^  However,  combining  occupational 
studies  to  perform  a  meta  exposure-response  analysis  may  be 
problematic  because  different  methods  are  often  used  to 
estimate  exposures  in  these  studies. 


Most  regulatory  ageiKies  are  interested  in  developing 
regulations  based  upon  estinuues  of  lifetime  risks  of  ex¬ 
posures.  This  presents  a  problem  for  using  occupational, 
cohort,  mortality  studies  for  QRA  because,  in  most  studies, 
only  small  segments  of  the  population  have  been  followed  for 
an  entire  lifetime.  In  contrast,  in  most  animal  bioassay 
studies,  the  animals  are  observed  for  nearly  their  entire  life 
span.  Thus,  some  epidemiologic  investigations  may  be  nega¬ 
tively  biased  if  the  study  population  was  simply  not  followed 
for  a  sufficiently  long  period  of  time. 

The  total  time  finom  first  exposure  to  tile  clinical  detection 
of  or  death  from  cancer  has  been  termed  the  "empirical 
induction  time"  by  Rothman^’^^  but  is  more  frequently 
referred  to  u  the  time  since  first  exposure  (or  imprecisely  as 
the  latency  period).  As  illustrated  in  Figure  1,  this  period  of 
time  can  be  conceptually  divided  into  two  phases;  l)ihetitne 
from  first  exposure  to  the  development  of  a  malignant  cell 
tenried  the  "induction  period"  and  2)  tire  time  from  when  a 
cel)  becomes  cancerous  until  the  clinical  detection  of  the 
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tumor  (or  death  fhxn  the  malignancy)  teimed  the  "latency" 
or  "lag"  period.^'^^  Exposures  that  occur  during  the  lag  period 
may  te  expected  to  have  no  effect  on  tumor  incidence  and 
should  be  ^scounted  ftom  exposure-response  analyses. 

Although  the  actual  lag  period  is  generally  unknown,  it 
can  be  estimaied  empirically  by  iteratively  refitting  models 
with  difierem  assumptions  about  the  length  of  the  lag 
period.^*^  The  lag  period  that  results  in  maximiziiig  tiie 
goodness  of  fit  of  the  model  may  then  be  chosen  for  use  in 
the  final  risk  assessment  model 

Although  the  induction  period  generally  cannot  be 
measured  in  cohort  mortality  studies,  the  effea  of  the  enqnri- 
cal  induction  time  (i.e.,  time  since  first  exposure)  can  be 
assessed.  If  the  empirical  induction  period  modifies  the  eflect 
of  exposure,  then  extrapolations  for  QRA  need  to  take  this 
into  account 

Statistical  AnaiysM 

Model  Selection 

Risk  assessors  have  long  recognized  the  difficulty  oi 
selecting  an  appropriate  mathematical  model  for  extrapola¬ 
tion  in  QRA  using  animai  bioassay  daia.^^*^  While  it  is 
possible  to  empirically  choose  models  that  describe  the  data 
well  in  the  range  of  the  observed  data,  the  true  dos»<responae 
relationship  for  the  lower  dose  range  is  generally  unbiown 
and  can  only  be  inferred  baaed  upon  biological  and  statistical 
considerations.  This  problem  is  generally  not  circumvented 
by  using  data  ftcm  occupational  mortality  studies  because 
these  studies  most  often  itKiude  individuals  who  were  ex¬ 
posed  to  relatively  high  exposures  in  the  past  and,  as 
demonstrated  above,  extrapolations  beyond  the  range  of  the 
data  are  generally  required  for  estiinating  low-dose  risk 
owing  to  limitations  in  statistical  power. 

In  the  following  sections,  examples  are  drawn  for  heuris¬ 
tic  purposes  from  an  assessment  recently  performed  by  re¬ 


searchers  at  the  National  Institute  for  Occupational  Safety  and 
Health  (NIOSH)^*^^  of  the  risk  of  lur^  cancer  associated  with 
cadmium  exposure  based  on  a  NIOSH  retrospective,  cohort, 
mortality  study  of  workers  from  a  cadmium  production 
fccility.^” 

Statistical  Models 

Most  QRAs  based  on  occupational  mortality  studies 
have  been  based  uptm  purely  statistical  models  as  opposed  to 
biologically  baaed  models  (described  below).  Considetable 
IROgiess  has  been  made  in  developing  statistical  metiMds  for 
modeling  hazard  rates^  ftom  occupational,  cohort,  mortality 
studies  in  the  past  decade.  An  excellent  review  of  diese 
modeling  techtiiques  is  presented  in  Breslow  and  Day.^ 
These  models  may  be  broadly  categorized  into  two  classes: 
1)  models  in  which  the  effect  of  exposure  adds  to  the  back¬ 
ground  rate  (additive  models)  atul  2)  models  in  which  the 
effect  of  exposure  multiplies  the  background  rate  (multiplica¬ 
tive  models).  Tliese  two  classes  of  models  may  be  represented 
mathematically  as  follows: 

additive:  X(t)  -  Ao(t)  +  r  {x(t)p}  (1) 

multiplicative:  X(t)  >  Xo(t)r  (x(t)P}  (2) 

where:  X(t)s  predicted  hazard  rate 

Xc(t)>  background  hazard  rate  at  age  t 
x(t)«  vector  of  exposure  and  other  explanatory 
variables 

vector  of  regression  parameters 

r{x(t)) «  relative  rate  function  (for  Equation  2)  or 
an  excess  (for  Equation  1)  rate  function 

Rate  functions  (r{x(t)))  that  have  been  commonly  used 
for  models  of  cohort  mortality  data  itKiude: 

exponential:  T{x(X)fH  •  exp  (x(t)P)  (2a) 

additive  relative  rate:  r{x(t)P}  m(i  *  x(t)^)  (2b) 

power  r{x(t)p}-(x(t) +  10^  (2e) 

where:  k«  small  "background"  exposure  level, 
which  is  often  assumed  to  be  1 

The  ftinctional  forms  previously  described  may  be  fitted 
to  data  from  occupational,  cohort,  mottaliqr  studies  with 
penon-years  and  observed  deaths  categorized  by  the  ex¬ 
posure  and  other  explanatory  variables  using  Poisson  regres¬ 
sion.^^  Alternatively,  with  the  exception  of  the  additive 
model  all  of  these  functional  forms  nuy  be  fitted  to  data  from 
occupational  cohort,  mortality  studies  by  modeling  the 
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hizaid  nte  contmiMMisIy  using  the  G>x  piopoitioiiaie  hazaids 
modeL®*^ 

In  theoiy,  these  two  approaches  should  yield  similar 
results  assymptotically.^  In  practice,  as  the  results 
presented  in  Rgure  2  from  the  NIOSH  cadmium  risk  assess* 
ment^*^^  illustrate,  these  regression  methods  may  yield  some* 
what  different  results.  The  coefficient  for  cadmium  exposure 
was  approximately  three  times  lower  from  die  Cox  propor¬ 
tional  hazards  mo^  than  from  the  Poisson  regression  model, 
even  though  both  models  had  the  same  functional  fonn  (ad¬ 
ditive  relative  rate)  and  parameters. 

In  general,  selection  of  an  appropriate  functional  form 
for  modeling  cannot  be  based  soldy  on  statistical  criteria  of 
goodness  of  fit  Several  modds  may  provide  a  reasonable  fit 
to  the  data,  and  it  is  generally  necessary  to  consider  additional 
information  (e.g.,  biologic)  for  choosing  an  qiptoptiate 
model  for  QRA.  On  the  other  hand,  a  model  that  does  not  fit 
the  data  in  the  observed  data  range  is  unlikely  to  be  a  reliable 
model  for  predicting  low-dose  risks. 

An  example  of  this  dilemnu  is  presented  in  Figure  3  from 
the  NIOSH  cadmium  risk  assessment^*^^In  diis  assessment, 
the  goodness  of  fit  of  the  various  functional  forms  described 
above  was  evaluated  using  Poisson  regressiotL  The  power 
function,  additive  relative  rate,  and  exponential  multiplica¬ 
tive  models  all  provided  a  reasonably  good  fit  to  the  obstrvea 
data,  whereas  the  additive  model  did  not  appear  to  fit  the  data 
well.  The  power  function  model,  which  fit  the  datt  die  best 
(i.e.,  lowest  model  deviance),  was  not  chosen  for  the  QRA 
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because  the  model  predicted  background  hazard  rates  that 
were  nearly  two  ordm  of  magnitude  lowor  than  the  rates  in 
the  U.S.  general  population.  The  use  of  the  power  model  for 
the  QRA  would  have  resulted  in  grossly  inflated  estiinates  of 
relative  and  excess  risk.  The  additive  relative  rate  model, 
which  was  the  next  best-fitting  model,  was  chosen  as  the 
model  for  the  QRA.  It  is  noteworthy  that  the  hazard  rate 
estimates  derived  from  these  models  diverge  by  over  an  order 
of  magnitude  at  the  extremes  (i.e.,  high  and  low  doses)  of  the 
exposure-response  curves. 

Internal  versus  External  Analyst 

Standardized  mortality  ratios  (SMRs)  are  genoally 
repotted  as  the  effea  measure  in  most  occupational  cohort 
mortality  studies.  The  SMR  is  the  ratio  of  the  number  of 
deaths  observed  to  the  number  expected  and  is  frequently 
multiplied  by  100  to  express  die  ratio  as  a  percentage.  The 
expected  number  of  deate  is  calculated  by  applying  the  age-, 
catendar  time-,  race-,  and  sex-specific  person-years  distribu¬ 
tion  of  the  study  population  to  the  corresponding  rates  from 
an  external  rpfom  groiqi  (e.g..  the  U.S.  population). 

Risk  assessors  have  modeled  SMRs  that  are  repotted  in 
occupational,  cohort,  mortality  studies  for  several  exposure 
groups  and,  sometimes,  even  with  just  one  group.^^  The 
mod^  diicussed  above  may  be  modified  to  tneotponte 
external  rates  yielding  the  following  matiiematical  forms  that 
are  analogous  to  Equations  1  atKi2: 


ftoB  BMidaii  of  dn  NIOSH 


•ddMv«:X(t).X*(t)4.r(x(t)p) 


(3) 
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muHiplicativa:  X(t)  -  X*(t)r  {x(t)p}  (4) 

wtwre  X*(t)  represents  the  external  moitaiity  rates  and  the 
other  parameters  are  unchanged  from  the  Equations  1  and  2 
described  above.  Equation  4  may  also  be  expressed  in  terms 
of  modeling  the  SMR  using  the  following  fonn:^ 

2^-ffx(t)p)  (8) 

EXP 

where:  OBS«  observed 

EXP  *  expected  number  of  deaths 

Although  modeling  SMRs  may  be  the  only  possible 
approach  if  the  risk  assessor  only  has  access  to  published 
tables,  there  are  at  least  two  serious  potential  problems  with 
this  approach.  Fast,  because  SMRs  are  indirectly  stand' 
aidized,  the  SMRs  from  diflerettt  exposure  groups  are  not 
standardized  to  the  same  standard  and,  thus,  are  not  directly 
comparable.^’ Therefore,  the  modeling  of  SMRs  from 
seve^  exposure  groups  may  be  biased  by  demogiaphic  (e.g.. 
age,  race,  or  sex)  or  odier  differences  between  the  categories. 
Second,  and  probably  of  greater  significance,  is  dK  well* 
known  fact  tiM  SMRs  may  be  negatively  biased  because  of 
the  'liealthy  worker  effect”;^^*^’  Le.,  a  working  cohoit  may 
have  a  lower  incidence  of  disease  (or  mortality)  than  die 
general  population  (the  refierem)  simply  because  they  are 
healthy  enough  to  be  employed. 

An  alternative  analytic  approach,  which  avoids  the  pit' 
falls  described  above  for  the  anidyses  of  SMRs,  is  to  base  the 
analysis  on  internal  comparisons  within  the  cohort  using  the 
modeling  techniques  de^bed  above  (i.e.,  Equatioiis  1  and 
2).  Although  most  occupational  cohoit  mortality  studies  do 
not  include  an  internal  nonexposed  group,  an  internal  analysis 
is  still  posuble  as  long  as  there  is  a  nnge  of  exposures  within 
the  cohort  The  inclusionof  an  internal,  nonexposed,  referent 
group,  when  available,  does  add  some  stability  to  the  regies' 
sion  model. 

Figure  4  presents  a  conqwiison  of  the  results  from  an 
analysis  of  the  risk  of  lung  cancer  in  relation  to  cumulative 
exposure  to  cadmium  that  wu  performed  by  OSHA^  with 
the  results  from  the  NIOSH  cadmium  risk  assessment^’^  to 
Uluattate  the  potential  biu  that  may  be  introduced  by  the 
modeling  of  SMRs.  Both  analyses  were  performed  on  the 
findinp  of  a  NIOSH  cohoit  mortality  study  of  cadmium 
smelter  woiketa.^  aldiou^  the  NIOSH  an^ais  was  baaed 
on  a  more  recent  follow-up  of  this  cohoit^^  OSHA  also 
produced  risk  estiinates  bai^  upon  a  multistage  model  of  a 
rat  bioassay  study,^' which  are  also  presented  in  Figure  4 
for  comparison  purposes. 

For  its  analysis  of  the  epidemiologic  data,  OSHA  per¬ 
formed  a  Poisson  tegiession  of  the  SMRs  reported  by  Hum 
et  using  an  additive  relative  rata  fonetkm.  Hie  risks 
predicted  from  OSHA’s  epidemiologic  risk  assessment  were 
approximately  seven  times  lower  than  the  risks  predicied  by 
modeling  of  the  rat  bioaasay  data.  It  was  suspected  that,  at 


KXCI88  RISK  PER  1000  WORKERS 


oaHA-aotsaoN  MoosL-i-  oaHA-Muaiaisaa 
NIOaH-POiaaOM  MODEL 


FiCURE  4.  CooiMrifaa  of  NIOSH  md  OSHA  escen  itU: 


Cor 


least  in  part,  this  discrepancy  might  be  explained  by  the 
potential  negative  bias  in  the  SMR  analysis  due  to  the  h^thy 
worker  effect  In  the  NIOSH  assessment,  a  similar  functional 
form  (Le.,  additive  relative  rate)  was  fitted  using  Poisson 
legiessioit  but  the  model  was  fitted  to  the  internal  stratum- 
specific  rates  generated  directly  from  the  study.  It  can  be  seen 
that  the  NIOSH  risk  estiinates  were  higher  than  diose  from 
OSHA's  epidemiologic  assessment  but  they  were  still  some¬ 
what  lower  than  the  estimates  produced  hy  the  multistage 
modeling  of  the  rat  bioassay  study.  Thus,  it  appears  that 
OSHA’s  reliance  on  modeling  die  SMRs.  as  opposed  to 
internal  analysis  of  the  rates  widiin  the  cohort  introduced  a 
negative  bias  in  the  estimation  of  risks. 


BlologiG  Models 


BkdogicaUy  based  models,  particularly  models  baaed  on 
the  multistage  theory  of  carcinogenesis,’^’^  have  often  been 
used  for  producing  risk  estiinates  from  animal  bioassy  data. 
These  models  have  the  advantage  over  statistical  models  of 
being  baaed  on  biologic  theory,  duis  providing  a  theoretical 
basis  for  extrapolation  to  low  doses.  On  die  other  hand,  these 
models  may  be  oversimplified  representations  of  the  conqilex 
processes  involved  in  carcinogeniciiy,  and  die  validity  of 
these  models  wanams  ftirther  investigation. 


Hie  multiatage  theory  suggests  that,  in  order  for  a  cell  to 
become  cancerous,  it  mist  progress  throu^  a  series  of  or¬ 
dered,  independem,  and  ineveraiMe  stages.  Stochastic 
roodela  have  been  derived  baaed  on  the  multistage  theory  for 
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application  to  animal  bioasaay  data.  The  qiiantal  multiatage 
has  been  the  most  commonly  used  model,  which  is 
fitted  to  the  propoftions  of  tuimxs  at  the  end  of  the  experiment 
using  the  following  mathematical  functional  form: 

P  - 1  -axp  Hqo  ♦  qid  + . . .  +  qkrf*})  (6) 

where:  P  «  cumulative  risk 

q  a  regression  coefficients 
d  a  dose 

k  a  number  of  stages  affected  by  the  exposure 

A  "linearized'*  version  of  Equation  6.  based  on  the  upper 
95%  confidence  limit  on  the  linear  parameter  (qi)  has  been 
used  extensively  by  EPA  for  its  A  time-to-tumor 

version  of  the  multistage  model  has  also  been  developed  for 
modeling  the  time  to  the  event  (tumor)  in  animal  bioassay 
studies.^^^ 

The  multistage  model  has  been  shown  to  provide  a 
reasonable  descri^on  of  the  relationship  between  cancer 
incidence  and  age^*^  for  most  nonhormonally  mediated  can¬ 
cers  in  humans.  DoU^^^  has  reported  that  the  effect  of 
cigarette  smoking  on  lung  cancer  risk  appears  to  be  consistent 
with  smoking  altering  the  first  parameters  stage  of  a  five- 
stage  model,  whereas  other  analyses  indicate  that  smoking 
may  acton  both  the  first  and  fourth  stages.^^  The  multistage 
model  has  only  been  applied  in  a  few  cases  to  the  analysis  of 
occiqMtioiul.  cohort,  mortality  data.^^^ 

The  implications  of  the  multistage  nnodel  may  be  ex¬ 
plored  indirectly  by  examining  how  the  patterns  of  relative 
(or  excess)  risk  in  an  epidemiologic  stu^  are  modified  by 
age  at  initial  exposure  and  time  since  last  exposure.^^^  If  a 
carcinogen  acts  on  the  first  stage  of  the  process,  then  I) 
relative  and  excess  risk  are  increasing  functions  of  time  since 
last  exposure  and  2)  excess  risk  is  independent  of  age  at  initial 
exposure,  whereas  the  relative  risk  decreases  widi  increasing 
age  at  initial  exposure.  If  a  carcinogen  acts  on  the  penultimate 
(next  to  last)  stage  of  the  process,  then  1)  relative  and  excess 
risk  increase  with  age  at  initial  exposure  and  2)  the  excess  risk 
is  independent  of  time  since  last  exposure,  whereas  the  rela¬ 
tive  risk  decreases  with  increasing  time  since  last  exposure. 
For  example,  in  a  NIOSH^^  assessment  of  radon  darters 
and  lung  cancer  risk,  the  relative  risk  was  observed  to  increase 
with  age  at  initial  exposure  and  decrease  with  time  since  last 
exposure,  suggesting  that  radon  acts  on  a  late  stage  in  the 
carcinogenic  process. 

Recently,  two-stage  models  of  carcinogenesis  have  been 
proposed  for  use  in  risk  assessments^  In  addition  to  allow¬ 
ing  for  two  mutational  events,  these  models  allow  for  the 
influence  of  exposures  on  cell  growth  and  differentiatiort 
Two-stage  models  have  been  shown  to  provide  a  reasoiutble 
description  of  the  age  incidence  curves  for  most  human 
tonors,  including  hormonally  mediated  tumors  tiiat  are  not 
well  described  by  the  multiriage  modekS^*^  These  models 
have  not  as  of  yet  been  qiplied  to  QRA  for  occtqwtional  or 


environmental  exposures. 

Translating  Rates  to  Risks  —  Extrapolation  Models 

As  mentioned  earlier,  regulatory  agencies  generally  re¬ 
quire  estimates  of  lifetime  risk  for  their  decision-making 
process.  Thus,  the  hazard  rates  (or  rate  ratios)  that  are  es¬ 
timable  from  the  statistical  models  described  in  this  paper 
need  to  be  converted  to  estimates  of  lifetime  risk.  In  or^  to 
make  this  conversion,  assumptions  need  to  be  made  about  the 
duration  and  timing  of  the  exposure.  For  occupational  QRAs, 
it  has  generally  been  assumed  that  the  workers  are  exposed 
for  approximately  45  years  (Le..  a  working  lifetime)  starting 
at  age  20,  whereas  for  enviroiunentai  QRAs,  the  exposure  has 
generally  been  assumed  to  be  initiated  at  birth  and  to  last  until 
death  at  approximately  70  years  of  age. 

Gail^  ^  has  pitqxMed  methods  for  computing  lifetime 
risk  based  on  actuarial  methods,  which  account  for  the  effects 
of  competing  causes  of  death.  For  multiplicative  motfols,  the 
lifetime  risks  of  occupational  exposures  may  be  estimated 
using  Gail’s  method  to  estimate  the  risks  of  45  years  of 
exposure  at  age  75  based  on  the  following  formula: 

74  i 

2(HR.  - 1) qd(i)  exp(-2  {(RRi  - 1) qefi)  - qs  (j)}]  (7) 

i«20  jb20 

where:  RRi  »  rate  ratio  estimate  from  the  model 
for  exposure  achieved  at  age  i 
qd(i)  «  background  age-specific  rate  for 
the  disease  of  interest 
qa(i)  s  background  age-specific  mortality 
for  all  causes 
i  s  age  indices 

The  results  from  the  application  of  this  approach  to  the 
estimation  of  iifotime  risks  from  occupational  exposure  to 
cadmium  based  on  the  additive  relative  rate  models  from  the 
NIOSH^”^  QRA  are  presented  in  Table  n.  Based  on  this 
assessment,  the  lifetime  risk  of  dying  from  lung  cancer  after 
45  yean  of  exposure  at  the  current  OSHA  standard  for 
cadmium  fiimes  of  100  pg/m^  was  estimated  to  range  from  5 
to  10  per  100  workere.  Note  that  in  this  model  (Equation  7), 
the  rate  ratio  is  assumed  to  be  constant  with  age  at  risk  and 
length  of  follow-up  and  is  solely  dependent  on  the  exposure 
achieved  (at  age  i).  Adjustments  to  the  extrapolation  model 
need  to  be  made  if  there  is  evidence  that  the  effect  of  exposure 
is  modified  by  these  or  other  covaiiates. 

Conclusion 

The  purpose  of  this  paper  was  to  review  and  discuss  the 
tmjor  riMhodologic  issues  related  to  the  use  of  epidemiologic 
data  for  risk  assessment  Although  aiumal  studies  have  been 
most  often  used  for  QRA,  it  is  generally  recognized  that 
well-conducted  epidetruologic  studies  would  provide  the  best 
basis  for  estimating  human  risk.  However,  the  observational 
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TABLE  11.  Estiinataa  of  Eneae  Risk  per  1000  Workers 
Baaed  on  the  Poiaaon  Regraaaion  and  Cox  Proportional 
Haaarda  Additive  Relative  M  Models  m  the  NIOSH 
CadmkMn  Risk  Aaaeeament 


TWA 

(MQ/m®) 

Excess  Risk  EstimatM 
(per  thousand  workers) 

Poisson 

Modal 

Cox 

Model 

1 

1.2 

(Si 

5 

6.0 

X6 

10 

11.8 

5.2 

20 

23.7 

104 

SO 

57.7 

25.4 

100 

110.8 

48.8 

200 

20SJI 

86.4 

*Risfc  Mliinatas  are  based  on  the  rasuKs  ftom  the  5-ysar  lagged 
analysis. 


nature  of  epidemiologic  studies  often  introduces  several  sour¬ 
ces  of  uncertainty  that  are  generally  not  present  in  QRAs 
based  on  animal  experiments. 

The  lack  of  adequate  exposure  (or  dose)  information  is 
the  most  frequently  cited  reason  for  not  using  epidemiologic 
data  for  QRA.  There  is  reason  to  hope  that,  in  the  future, 
improvements  will  be  made  in  the  estimatian  of  exposure  in 
epidemiologic  studies  and  that  biologic  markers  aixl  phar¬ 
macokinetic  models  will  be  used  to  estimate  tar]^  tissue 
doses.  Other  aspects  of  qridetniologic  study  design,  e.g^ 
confounding,  effect  modification,  length  of  follow-up,  and 
statistical  power,  may  also  limit  the  usefulness  of  epi¬ 
demiologic  data  for  QRA.  Even  if  these  limitations  can  be 
overcome,  as  with  anittud  studies,  substantial  uncertainties 
exist  as  to  the  choice  of  a  proper  statistical  (or  biologic)  nnodel 
for  extrapolation  from  epid^ologic  results. 

Because  of  the  limitations  discussed  in  this  paper, 
epidemiologic  data  should  not  be  viewed  as  a  panacea  for  the 
problems  inherent  in  using  animal  bioasaay  data  for  QRA. 
This  is  rxx  to  belittle  the  importance  of  epidemiologic  data. 
On  the  contrary,  epidemiologic  data  is  of  vital  importance  to 
QRA  and  hopefully  will  play  an  even  greater  role  in  the 
future.  The  information  that  can  be  derived  ftom  qri- 
demiologic  arul  toxicologic  studies  complement  one  another, 
and  both  data  sources  need  to  be  uaed  to  provide  the  best 
characterization  of  human  risk. 
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Exposure  Assessment  in  Risk  Assessment 

Robert  F.  Horick,  Sc.D. 

National  Institute  for  Occupational  Safety  and  Health,  Cincinnati.  Ohio  4S226 


The  assaasmant  of  axpoaura  ia  an  important  component 
of  the  riak  aaaaaamant  procaaa.  Expoaura  infermation  ia  uaad 
in  rtak  aaaaaamant  in  at  laaat  two  waya:  1 )  in  the  idantification 
of  hazarda  and  the  epMamiologic  raaaarch  invaatigatkig  ax- 
poauro’-raaponaa  raiationahipa  and  2)  in  the  daveiopmant  of 
population  axpoaura  aatimataa.  In  both  of  thaaa  eaaaa,  the 
value  of  a  chamicai  riak  aaaaaamant  ia  anhancad  by  improve- 
manta  in  the  quality  of  axpoaura  aaaaiamanta.  The  optimum 
axpoaura  aaaaaamant  ia  the  dkact  maaauramant  of  population 
axpoaura;  hOMrever,  such  maasuramants  are  rarely  available. 
Recant  davaicpmants  in  methods  for  axpoaura  aasesamant 
aNow  astimatas  to  bo  made  that  are  valid  raprssantationa  of 
actual  exposure.  The  use  of  these  axpoaura  astimatas  to 
classify  axpoaures  corractly  anhanoaa  the  likalihood  that 
causal  associations  between  axpoaura  and  reaponaa  will  be 
corractly  idantifiad  and  that  population  risks  Mriil  be  aocurataly 
aasaasad. 

Introduction 

C3ieinical  risk  auesamem  is  founded  upon  the  premise 
that  exposure  causes  risk.  The  presence  of  expoaure  indkaies 
pacendal  risk.  In  the  simplest  case,  for  example,  those  without 
exposure  are  subject  to  some  background  level  of  risk  of  an 
advene  health  outcome,  whereas  those  who  are  exposed  may 
experience  some  increment  of  risk  above  background.  The 
quantitative  risk  assessment  seeks  to  describe  the  nature  of 
the  association  between  expoaure  and  the  response  which 
conatitutes  the  additional  risk. 

Exposure  assessroem  is  an  important  component  of  the 
overall  risk  asaessinertt  process.  The  informatioo  derived 
from  exposure  assessment  may  be  used  at  two  points,  at  leaat, 
in  quantitative  risk  assessment  Hie  first  is  in  research,  par- 
ticiiiarty  in  the  human  epidemiologic  studies  that  ate  impor¬ 
tant  fw  hazard  idenrification  and  the  assessroem  of 
exposure/doso-re^ronse  asaociationa.^*^  In  these  studies, 
valid  exposure  assessment  is  essential  to  identify  these  as¬ 
sociations  and  to  establish  evidence  that  the  associations  are 
causal  in  nature.  The  criteria  that  are  applied  to  evaluate  die 
likelihood  of  a  causal  association  (e.g.,  the  strength  of  the 
exposure-response  association,  the  presence  of  an  exposure- 
response  trerid,  and  a  clear  temporal  reladonahip  between 
exposure  and  developmem  of  the  effect)  all  require  at  least 
an  indirect  aaaeasnnent  of  exposure.^^ 

The  second  use  of  exposure  information  is  as  a  classiftca- 
tion  variable  when  risk  assessmem  models  are  used  to  ea- 


tiinatB  population  risks.  In  this  case,  exposure  status  is  an 
independent  variable  used  in  a  predictive  model  to  estimate 
population  risks,  so  error  in  exposure  assessment  will  result 
in  error  and  uncertainty  in  the  risk  estimates.  The  quality  and 
predictive  value  of  quantitative  risk  assessments  are  en¬ 
hanced,  therefore,  by  improvements  in  the  assessmem  of 
exposure. 

Th*  Exponurm/Do—  Rnnponnn  Continuum 

The  discussion  of  exposure  assessmoit  in  quamitative 
risk  assessmem  can  begin  by  examining  the  concept  of  ex¬ 
posure  itself.  Pardculariy  for  the  case  of  environmental  con¬ 
tact  with  chemicals,  exposure  can  be  viewed  as  part  of  a 
process  through  which  a  chemical  produces  a  toxic  response 
or  health  effect  When  the  chemicid  is,  in  fact  the  cause  of 
the  observed  effect  the  pathway  from  source  to  response  may 
be  termed  a  causal  commuunt  As  shown  in  Figure  1.  there 
are  several  components  of  this  pathway,  of  which  exposure 
is  one. 

Ambfont  Concantration 

The  pathway  starts  at  the  source  of  the  chemical  itself. 
For  our  purposes,  the  source  may  be  considered  to  be  the  point 
of  release  of  the  chemical  into  the  environment  The  source 
may  be  a  stack  releasing  sulfur  dioxide  (SO2)  into  the  atmo¬ 
sphere,  an  outfall  from  a  sewage  treatmem  facility,  a  fomace 
in  a  foundry,  or  a  new  carpet  in  an  office  building.  When  a 
source  has  released  achemical,  the  chemical’s  presence  in  the 
envitonmem  is  characterized  as  an  ambiemconcentratiatt  It 
may  be  described  in  units  such  as  mass  per  volume,  e.g., 
millignms  of  particulate  material  per  cubic  meter  of  air 
(mg/lm^  or  micrograms  of  chlorofom  per  liter  of  drinking 
water  Qig/L).  All  measures  of  ambiem  concentration  are 
defined  in  such  terms  of  units  of  the  contaminam  per  unit  of 
the  environmental  matrix. 

Expopura 

The  ambiem  concentration  is  an  environmental  measure, 
which  is  independem  of  any  human  interaction.  When  people 
come  into  contact  with  a  chemical  through  an  environmental 
medium,  the  process  is  tennned  exposure.  The  foctor  that 
distinguiahea  betiveen  ambient  concemrmian  and  exposure  is 
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FIGURE  1.  ConccptiMl  model  of  caonl  undlioB  in  oocupetiooei 


the  human  interaction  with  the  environment  Just  as  a  tree 
falling  in  the  foiestmay  release  energy  in  the  forni  of  sound 
waves,  it  is  noise  only  if  there  is  someone  there  to  hear  it  By 
the  same  logic,  the  presence  of  a  contaminant  in  an  envirm* 
ment  does  not  necessarily  constitute  exposure,  unless  there  is 
a  receptor  in  the  environment  to  come  into  contact  with  die 
contaminant  Exposure  is  the  result  of  human  contact  widi  an 
ambient  concentration  of  a  chemical.  Following  the  causal 
pathway  in  Figure  1,  we  reach  the  center  concept  of  exposure 
resulting  from  human  interaction  with  the  environment 

When  exposure  is  considered  as  a  component  of  the 
causal  continuinn,  it  is  helpful  to  think  of  it  in  terms  of  a 
process,  rather  than  an  event  Although  there  are  momentaiy 
events  and  shoft>term  exposures  that  may  cause  adverse 
health  effects,  most  risk  assessments  should  consider  ex¬ 
posure  to  be  a  process  occurring  over  time.  Exposure  can  then 
be  regarded  as  a  dynamic  process  in  three  dimensions:  com¬ 
position,  magnitude,  and  time. 

Composition  of  Exposure 

Accurate  exposure  assessment  requires  a  complete  un¬ 
derstanding  of  composition  of  exposure.  If  we  are  to 
correctly  identify  associations  between  exposure  and  effect, 
the  tree  composition  of  the  exposure  must  be  known.  In 
epidetniologic  studies,  the  incomplete  or  inaccurate  assess¬ 
ment  of  the  composition  of  exposure  may  result  in  the  fulure 
to  identify  a  causal  association  benreen  exposure  and 
response,  or  erroneous  attribution  of  cause  through  confound¬ 
ing  or  effect  modificatioa  In  a  recent  study  of  exposine  to  die 
industrial  chemical  1,3-butadiene,  we  discovoed  that  the 
analyticai  method  which  had  been  used  historically  to 
measure  eqiosures  to  this  chemical  may  have  incorr^y 
included  measurements  of  compounds  odier  than  butadiene 
along  with  the  actual  butadiene  exposure.  The  source  of  this 
nnoenainiy  was  the  incomplete  resolution  of  these  com¬ 
pounds  in  the  gas  chromatographic  analysis.^^  The  result  of 


this  lack  of  arulytical  qiecificity  could  be  oveneporting  of 
the  true  butadiene  exposure,  whicb  would  result  in  errors  in 
describing  the  eiqiosure-tesponae  relationship  if  this  ex¬ 
posure  data  were  used  in  a  quantitative  risk  assessment 
Another  example  of  the  imprutance  of  knowing  the  composi¬ 
tion  of  exposure  comes  horn  animal  studies  of  SO2  exposure 
and  aerosols.  Atmospheric  particles  smaller  dam  1  pm  in 
diameter  were  found  to  strongly  potentiate  the  irritam  effect 
of  SO2  conqiared  with  exposure  to  gaseous  SO2  alone  or  in 
combination  with  large-diameter  particulate  materiaL^^^  If  the 
true  composition  of  these  mixed  atmospheres  were  not 
known,  iiKluding  the  gaseous  SO2  and  the  aerosrd  size  dis¬ 
tribution,  the  actual  exposure-response  relationship  between 
SO2  and  pulmonary  irritation  would  be  obscured. 


Another  characteristic  of  exposure  that  must  be  assessed 
is  its  magnitude.  The  accurate  quantitation  of  the  level  of 
exposure  is  an  essential  componem  in  the  assesunent  of  risk. 
Methods  to  measure  the  level  of  exposure  are  the  subject  of 
several  full  disciplines  sparming  methods  derived  from  air 
pollution,  industrial  hygiene,  and  a  range  of  occupational  and 
environmental  health  sciences.  The  methods  for  assessment 
of  chemical  exposures  are  usually  driven  by,  and  limited  by, 
the  laboratory  practice  of  analytical  chernistiy.  The  measure¬ 
ments  made  using  these  mediods  usually  reflect  what  is 
possible  analytically  rather  than  what  may  be  the  best  infor¬ 
mation  for  studying  the  association  of  the  exposures  and 
healdi  effects.  For  example,  painters  using  epoxy-based  coat¬ 
ings  may  be  exposed  to  aerosols  containing  epoxy  resin 
molecules  which  have  two  functional  epoxy  groups  each. 
These  reactive  epoxy  groups  are  responsible  for  a  range  of 
toxic  effects  associared  with  epoxy  resins,  such  as  sensitiza¬ 
tion  and  mutagenesis.^^^  Epoxy  paints  are  prepared  for  ap¬ 
plication  by  mixing  the  resin  wifo  a  curing  agent  that  reacts 
with  the  epoxy  groups.  The  mixture  that  constitutes  the 
painters’  exposure  contains  some  epoxy  resin  molecules 
which  have  begun  to  react  with  the  curing  agents  in  the 
mixture,  forming  polymerfo  chains.  These  chains  still  contain 
available  (unreacted)  epoxy  functional  groups,  however,  and 
a  measurement  mediod  that  is  sensitive  only  to  the  unreacted 
DGBA  molecule  can  seriously  underestimate  the  effective 
total  epoxy  expoaure.^^^  Limitations  such  as  these  rtuy  be¬ 
come  apparent  when  we  consider  exposure  as  it  is  related  to 
doae  as  acauae  of  effects  in  biological  systems. 


The  third  dimension  that  can  be  applied  to  exposure  is 
time.  Exposure  is  a  proceu  occurring  over  time,  and  the  fust 
two  characteristics  (composition  and  magnitude)  change  over 
time.  Accurate  asaesstnent  of  exposure  must  recognize  the 
dynamic  nature  of  exposure  over  time  and  consider  the  effect 
of  these  changes  on  the  nature  of  the  exposure-response 
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relationship.  Monitoring  techniques  available  today,  for  ex¬ 
ample,  aUow  continuous  monitoring  of  chemicai  exposures 
in  teal  time.  In  studies  such  as  an  investigation  of  the  associa¬ 
tion  between  ozone  levels  and  respintoty  function  in 
children,  continuous  monitoring  for  ozone  revealed  that  the 
concentration  in  the  hour  preceding  pulmonary  function  test¬ 
ing  was  the  strongest  proctor  of  effect  as  compared  widi 
exposure  levels  averse^  over  other  time  intervals,  as  well  as 
cumulative  exposure.^  In  chronic  diseases  such  as  cancer, 
cumulative  lifetime  exposure  to  compounds  such  as  asbestos 
and  benzene  have  beim  strongly  associated  with  disease 
risk.'  '  In  diese  studies  of  chronic  effects,  exposure  levels 
changed  dramatically  over  the  time  during  which  the  study 
subjects  were  exposed.  Exposure  assessment  to  document  the 
changes  in  the  level  of  exposure  over  time  was  essential  in 
developing  accurate  exposure  estimates  to  correctly  classify 
study  subjects  in  the  epidemiologic  analysis. 

The  time  at  which  a  subject’s  exposure  occurred  can  be 
important  in  investigations  of  the  exposure/dose-respmise 
process.  The  age  of  an  ittdividual  at  the  time  of  exposure,  or 
during  the  period  over  which  exposure  occurs,  is  a  factor 
which  could  influeiKe  the  likeliho^  that  exposure  will  result 
in  a  health  effect  It  is  Joiown  from  animal  studies,  for  ex¬ 
ample,  that  younger  animals  are  more  susceptible  to  the 
induction  of  cancer  from  exposure  to  polycyclic  aromatic 
hydrocarbons  than  are  older  animals.^*^  Therefore,  age  at  the 
time  of  exposure  should  be  considered  as  a  variable  in 
evaluating  these  associations.  The  time  sequetKe  of  ex¬ 
posures  ttuy  also  be  a  determinant  to  be  considered  in  an 
exposure  assessment  If  exposure  to  an  agent  that  is  a 
promoter  of  a  carcinogenic  response  takes  place  after  an 
initiating  event  the  eventual  he^th  outcome  could  be  very 
different  than  if  the  order  of  exposure  were  reversed.  An 
exposure  assessment  that  identified  the  occurrence  of  both 
exposures  without  noting  their  time  sequence  could  obscure 
the  actual  association  between  exposure  and  risk. 

Dom 

In  our  efforts  to  improve  the  quality  of  exposure  assess¬ 
ment  it  is  important  to  recognize  that  exposure  itself  is  not 
the  proxirrute  cause  of  a  biological  change  or  a  health  effect 
Exposure  is  a  process  that  results  from  huttuui  interaction  with 
an  ambient  concentration  of  a  contaminant  The  assessment 
of  exposure  is  an  environmental  measurement;  we  need  to 
recognize  that  exposure  is  not  the  same  as  dose,  although  they 
are  closely  related  As  shown  in  Figure  1,  exposure  and  dose 
are  related  parts  of  the  causal  continuurtt  but  there  are  impor¬ 
tant  differences  between  the  twa  For  our  uses,  dose  can  be 
considered  to  be  a  measure  of  an  agent  at  a  receptor  site  in  a 
living  syslettL^’’^  The  molecular  site  at  which  biochemical 
events  take  place  is  not  accessible  for  direct  measurement 
Although  we  do  not  have  the  ability  to  directly  measure  the 
quantity  of  a  toxin  directly  at  its  poim  of  action,  we  can  make 


a  measure  of  exposure  that  is  representative  of  and  correlated 
with  dose.  In  this  matmer,  we  can  determine  exposure  as  tiie 
enviroiunental  precursm  of  dose.  Using  this  as  our  operation¬ 
al  definition,  we  can  refine  our  methods  of  exposure  assess¬ 
ment  to  optimize  the  value  of  exposure  as  a  dose  measure. 

In  studies  that  sedt  to  evaluate  the  association  between 
exposure  and  effect,  exposure  should  be  assessed  as  the  best 
possible  surrogate  or  marker  of  dose.  This  means  that  ex¬ 
posure  measures  must  consider  factors  that  will  mediate  the 
pathway  between  exposure  and  dose  (e.g.,  the  characteristics 
of  exposure  itself  such  as  composition  and  magnitude  over 
time)  and  the  characteristics  of  the  exposed  population.  Fac¬ 
tors  such  as  the  age  aiul  gender  distribution  of  an  exposed 
population  can  have  a  very  significatu  effect  on  the  relation¬ 
ship  between  the  exposure  and  the  dose  to  critical  biological 
units  between  individuals  in  the  exposed  population.  Occupa¬ 
tional  facton,  such  as  contact  with  other  chemicals  on  the  job. 
can  have  a  significant  impact  on  the  nature  of  an  exposure- 
response  association,  e.g.,  the  synergistic  effea  of  polycyclic 
aromatic  hydrocarbons  and  sunlight  in  the  risk  of  photosen¬ 
sitization  and  skin  cancer  among  roofers  and  highway  con¬ 
struction  workers.^’^^  Factors  related  to  lifestyle  and  personal 
behavior  can  have  a  substantial  impact  on  exposure-response 
associations,  as  in  the  case  of  srtu>king  among  asbestos-ex¬ 
posed  workers.  Exposure  assessment  must  be  comprehensive 
in  approach,  recognizing  the  characteristics  of  the  exposure 
of  primary  iiuerest,  of  other  potentially  confounding  ex¬ 
posures.  and  the  characteristics  of  the  exposed  populations 
that  will  influertce  the  association  between  exposiue/dose  and 
response.  When  exposure  assessments  are  optimized  to  iden¬ 
tify  exposure  correctly  and  to  classify  stuefy  subjects  based 
upon  exposures  that  are  relevam  to  the  effect  being  observed, 
the  power  of  study  to  identify  an  association  and  to  establish 
evidence  that  it  is  causal  in  nature  is  enhaiKed. 

Expotuivs  of  Populations 

In  hazard  identification  and  epidemiologic  research,  or 
in  risk  estimation,  the  quality  of  the  exposure  infomtation  is 
an  inqxmam  determiiuuit  of  the  quality  of  the  risk  assessment 
When  a  causal  relationship  between  exposure/dose  and 
response  has  been  identified,  or  when  evidence  for  such  an 
association  is  being  evaluated,  assessmem  of  exposure  as  a 
valid  indicator  or  surrogate  of  dose  is  essential.  The  goal  of 
an  exposure  assessment  tiierefore,  is  to  provide  an  accurate 
exposure  value  for  each  member  of  the  population  of  interest 
One  approach  to  obtain  this  is  to  assess  exposure  by  direct 
measurement  for  each  individual  in  the  popUatioa  Tliis  has 
been  done  in  some  well-defined  populations,  usually  in  oc¬ 
cupational  sitings,  when  the  outcome  of  interest  is  an  effect 
with  a  short  period  of  induction  or  lateiKy,  such  as  a  level  of 
enzyme  activity  or  a  molecular  end  point  Studies  such  as 
these  can  be  conducted  cross-sectionally  allowing  individual 
exposure  and  effect  measurement  for  each  study  subject 
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This  can  be  a  powerftii  qiprosch  to  fesetich  and  risk  assess¬ 
ment  because  exposuie  measuremem  techniqiies  can  be  used 
that  condnuously  monitor  die  level  and  pattern  of  penonal 
exposure  over  time.^'^^  In  most  situations,  dus  sort  of  direct 
measurement  is  not  possible,  and  some  method  for  esdinating 
exposures  from  limited  infbimation  must  be  employed. 

The  simplest  exposure  assessment  for  a  populadon  is  the 
dichotomous  classification  into  exposed  and  unexposed 
gn>iq».  Members  of  die  population  of  interest  can  be  clas¬ 
sified  on  the  basis  of  ever  having  been  in  a  situation  of 
potential  exposure  to  the  contaminants)  of  interest  Ex¬ 
amples  of  such  dichotomous  classification  could  be  1)  ever 
having  lived  with  a  smoker  (yes  or  no),  2)  ever  having  worked 
in  a  chemicai  production  fscility,  or  3)  ever  having  lived  in 
an  area  served  by  a  particular  municipa]  water  siqiply  system. 
A  simple  classification  system  su^  as  this  o^m  the  ad¬ 
vantage  that  it  is  likely  to  distinguish  individuals  between  the 
two  categories  correcdy .  There  are  a  number  of  disadvantages 
to  such  a  system.  Specifically,  it  is  qualitative  in  nature, 
providing  very  litde  information  about  the  nature  and  mag¬ 
nitude  of  exposure.  By  using  such  a  surrogate  measure  of 
exposure,  the  amount  of  misclassificadon  may  be  low,  but  die 
value  of  the.  exposure  classification  for  risk  assessment  is 
limited.  However,  this  sort  of  classification  has  been  useful 
in  investigating  associations  between  employment  in  par¬ 
ticular  industries  and  rUsease,  e.g.,  studies  of  cancer  of  the 
respiratory  tract  among  coke  oven  workers.^’^^ 

A  variety  of  exposure  assessment  methods  may  be  con¬ 
sidered  as  semiquantitative  approaches.  These  techniques  are 
an  improvement  over  the  simple,  dichotomous  classification 
becaure  they  attempt  to  classify  members  of  a  population 
based  upon  the  magnitude  of  exposure  on  a  relative  scale.  A 
common  assessment  technique  is  to  use  duration  of  exposure 
as  a  marker  for  total,  cumulative  exposure.  The  extent  to 
which  total  length  or  duration  of  exposure  accurately  repre¬ 
sents  total  exposure  is  limited  by  the  homogeneity  of  ex¬ 
posure  level  between  memben  of  die  study  population,  as 
well  as  overtime.  If  all  members  of  the  popubuion  have  the 
same  level  of  exposure  and  if  that  level  is  constant  over  time, 
then  a  ranking  of  population  memben  by  total  duration  of 
exposure  would  be  identical  to  ranking  by  cumulative  ex¬ 
posure.  These  conditions  of  constant,  homogeneous  exposure 
over  time  are  rarely  met,  however,  and  the  use  of  duration  of 
exposure  as  an  exposure  assessment  outcome  can  result  in 
substantial  misclassification.^’^  In  cases  where  information 
has  been  available  to  examine  both  duration  of  exposure  and 
some  other  exposure  classifier  which  accounted  for  differ¬ 
ences  in  exposure  between  individuals  and  over  time,  dura¬ 
tion  has  bem  found  to  be  an  inforior  predictor  of  tisk.^*’’^ 

In  recognition  of  the  variability  in  exposure  between 
individuals  and  over  time,  exposure  assessment  stiategies 
have  been  developed  employing  ordinal  ranking  systems  to 
classify  individuals  into  categories  baaed  upon  level  of  ex¬ 
posure.  These  approaches  are  fiequently  used  when  a  limited 


amount  of  measured  exposure  information  is  available,  hi 
such  cases,  an  oqiosure  value  measured  for  a  portion  of  the 
study  population  may  be  assigned  to  others  in  te  population 
who  are  considered  to  be  similar  in  terms  of  foc^  that 
dMermine  their  exposure.  This  approadi  offers  die  advantage 
of  allowing  examination  of  die  nature  and  shape  of  the 
exposure/dose-reqxMise  relationship,  as  the  exposure  classes 
have  a  numerical  value  associated  with  each  of  dieriL  The 
riuijor  disadvantage  of  this  approach  is  that  errms  in  the 
assignment  of  individuals  to  tte  classi»  and  errors  in  the 
tanking  values  used  for  die  classes  tend  to  create  exposure 
misclassification  which  dampens  the  apparent  relationship 
between  exposure  and  response,  provided  the  classification 
errors  are  random.^'®*’^ 

The  most  quantitative  approach  to  ejqiosure  assessment 
(short  of  making  individual  personal  exposure  measure¬ 
ments)  is  to  develop  a  strategy  to  assign  unique  exposure 
values  for  each  member  of  the  study  population  over  the 
period  of  interest  This  approach  has  bm  employed  when 
there  is  at  least  some  measured  exposure  information  that  will 
support  the  development  of  a  predictive  model  to  estimate 
exposures  for  individuals  and  time  periods  where  measured 
exposures  are  not  available.  Hie  available  information  on  the 
levels  of  exposure  and  the  characteristics  of  the  members  of 
the  study  population  can  be  used  to  develop  statistical  models 
tiiat  predict  exposures.  Although  this  approach  to  exposure 
assessmettt  requires  sufficient  measured  data  to  support  the 
development  of  a  predictive  model,  it  has  the  advantage  of 
generating  point  estimates  of  enxisure  that  can  be  used  for 
quantitative  risk  assessments*'**^ 

Expoauri  Misclassification 

If  we  consider  exposure  as  a  risk  fKtor  for  the  develop¬ 
ment  of  a  health  effect  or  disease,  the  nature  of  an  association 
between  risk  and  effect  can  be  fully  and  correctly  evaluated 
only  when  the  risk  and  effect  measures  are  valid.  Incorrect 
assessment  of  either  exposure  or  effea  results  in  misclas- 
sification  that  can  obscure  true  associations  and  lead  to  error 
or  uncertainty  in  risk  assessment 

Exposure  misclassification  is  most  likely  to  be  nondif- 
feiential  in  nature;  that  is,  errors  in  exposure  classification 
will  occur  throughout  the  study  populatioit  without  regard  to 
beahhor  outcome  status.  In  the  simplest  case,  members  of  a 
study  population  who  are  truly  exposed  may  be  incorrectly 
classified  u  unexposed,  and  some  exposed  are  classified  as 
unexposed.  In  this  case,  the  net  result  will  be  a  bias  in  the 
study  findings  toward  the  null  hypothesis  of  no  association 
between  exposure  and  response.  In  more  quantitative  ex¬ 
posure  assessments,  such  as  the  assignment  of  individuals  to 
tank-ordered  categories  based  upon  cumulative  lifetime  ex¬ 
posure,  noiidiffetential  misclassification  between  adjaceru 
exposure  categories  can  have  an  attenuating  effect  on  an 
exposure-responae  trend,  if  one,  in  foct,  exists.^* Even  when 
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die  exposure  misclassificadon  tate  is  only  20%,  the  true 
estimate  of  risk  among  the  exposed  can  be  substantially 
greater  than  the  apparent  relative  risk.  This  holds  whether  the 
misclassification  is  between  a  simple  exposedAuiexposed 
dichotomy  or  by  some  moroKiuantitative  exposure  clasm.  A 
misclassification  rate  of  20%  would  not  be  at  all  surprising  in 
epidemiologic  studies,  particularly  when  exposures  must  be 
estimated  based  upon  a  historical  reconstruction  for  some 
members  of  a  stu^  population.  In  the  few  studies  where 
estimates  of  historical  exposures  were  compared  with  actual 
measurements  of  exposure  fiom  the  past,  agreement  within 
20%  between  estimates  and  measurements  of  past  exposure 
would  be  considered  very  good.  In  many  cases,  much  larger 
differences  have  been  observed.^ 

SumiiMry  and  CondusiorM 

Valid  exposure  assessment  is  an  essential  part  of  quan¬ 
titative  risk  assessment  The  incorporation  of  exposure  infor¬ 
mation  in  hazard  identification  and  research  enhances  the 
likelihood  that  these  activities  will  correctly  identify  etiologic 
associations  between  exposure  and  response  and  accurately 
determine  the  strength  of  these  associations.  When  a  quan¬ 
titative  risk  assessment  is  conducted  to  estirmte  populitfion 
risks,  accurate  assessment  of  exposure  will  improve  die 
validity  of  the  risk  estimates.  Direct  measurements  of  human 
exposures  would  be  the  most  accurate  assessment  of  ex¬ 
posure.  Although  such  measurements  are  fiequently  not 
available,  new  approaches  to  exposure  assessment  are  being 
developed  to  provide  accurate  exposure  estimates  for  popula¬ 
tions.  These  improvements  in  exposure  assessmem 
methodology  offer  the  prospect  for  advances  in  the  practice 
of  quantitative  risk  assessment 
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As  currantiy  conductad,  standard  rodent  bioassays  do  not 
provida  sufficiant  information  to  assess  eardnoganic  risk  to 
humans  at  doses  thousands  of  timao  bakwr  the  maximum 
tolaratad  doss.  Recant  anaiysas  indicata  that  maasuras  of 
eardnoganic  potency  from  those  tests  are  restricted  to  a 
narrow  range  about  the  maximum  tolaratsd  dose  and  that 
information  on  shape  of  the  dose  response  is  limitad  in  ex< 
parimants  with  only  two  doses  and  a  control.  Extrapolation 
from  high  to  low  doses  should  be  based  on  an  understanding 
of  the  mechanisms  of  eardnoganesis.  We  have  postulated 
that  administration  of  the  maximum  tolerated  dose  can  in- 
oraasa  mitoganesis  which,  in  turn,  increases  rates  of  mu¬ 
tagenesis  and,  thus,  eardnoganesis.  The  animai  data  are 
oonsistsnt  with  this  mechanism,  because  about  half  of  ail 
chemicais  tsstsd  are  indeed  rodent  cardnogens,  and  about 
40%  of  the  positives  are  not  detactably  mutagenic.  Thus,  at 
low  doses  where  call  Wiling  does  not  occur,  the  hazards  to 
humans  of  rodent  cardnogens  may  be  much  tower  than 
commonly  assumed.  In  contrast  for  high<iose  exposures  in 
the  workplace,  assessment  of  hazard  requires  comparatively 
littie  extrapolation.  Nevertheless,  permittsd  workplace  ex¬ 
posures  are  sometimes  dose  to  the  tumorigenic  dose-rate  in 
animai  tests. 

Regulatory  policy  to  prevent  human  cancer  has  primarily 
addressed  synthetic  chemicais.  yet  similar  proportions  of 
natural  chemicals  and  synthetic  chemicals  test  positive  in 
rodent  studies  as  expected  from  an  understanding  of 
toxioological  defenses,  and  the  vast  proportion  of  human 
exposures  are  to  natural  chemicals.  Thus,  human  exposures 
to  rodent  cardnogens  are  common.  The  natural  chemicals  are 
the  control  to  avaluats  regulatory  stratsgios,  and  the  possible 
hazards  from  synthetic  chemicals  should  be  compared  to  the 
poesible  hazards  from  natural  chamicats. 

QuaMatfva  extriNMiation  of  the  eardnoganic  response 
between  spades  has  been  investigated  by  oomparing  two 
dosaly  reiatad  spades:  rats  and  mioo.  Overall  predictive 
values  provide  moderate  oonlidsnce  in  ffttarspedes  ex¬ 
trapolation',  however,  knowing  that  a  chemicai  is  poaittvo  at 
any  site  in  one  spedss  gives  only  about  a  50%  chance  that  it 
wM  be  positive  at  the  same  aits  in  the  other  spedea. 

Iniraductlon 

Cumm  strategies  to  prevent  human  cancer  use  chronic 


rodent  bioassays  as  the  major  source  of  infOTnadon  to  predict 
the  risk  to  hunums  ftom  chemical  exposures.  Two  types  of 
extrapolation  are  required  in  such  an  undertaking:  l)aquan- 
thative  extrapolation  is  necessary  from  tbe  maximum 
tolerated  dose  (MTD)  administered  in  bioassays  to  hurtuui 
exposure  levels  that  are  usually  hundreds  of  thousarxis  of 
times  lower  arxl  2)  a  qualitative  extrapolation  is  necessary 
between  ashort-lived  qtecies,  such  as  rats  or  mice,  to  humans, 
a  long-lived,  species.  This  paper  addresses  a  variety  of  issues 
relevam  to  thw  two  types  of  extrapolation.  We  discuss  why 
standard  rodem  bioassays,  as  currently  conducted,  do  not 
provide  sufficient  information  to  assess  carcinogenic  risk  to 
humans  at  low  doses.  Such  extrapolation  should  be  based  on 
knowledge  of  mechanisms  of  carcinogenesis  and  should 
reflect  the  importance  of  mitogenesis.  We  have  postulated 
that  chronic  administration  of  chemicals  at  the  MTD  in¬ 
creases  mitogenesis  in  cells  that  ate  not  discarded  which,  in 
turn,  increases  rates  of  iruitagenesis  arxl  carcinogenesis.^  ' 
Therefore,  at  the  low  doses  of  nnost  human  exposures  where 
cell  killing  does  not  occur,  the  hazards  to  humans  of  rodent 
carcinogens  may  often  be  much  lower  than  has  conunonly 
been  assumed. 

Results  frtxn  rodent  bioassays  are  often  used  to  predict 
qualitatively  whether  a  chemical  is  a  potential  human  car- 
citxtgen.  Ideally,  one  would  like  to  Imow  the  accuracy  of 
prediction  from  rats  or  mice  to  humans,  but  because  epi¬ 
demiologic  data  are  usually  lacking  arxl  experiments  caruiot 
be  conducted  in  humans,  this  knowledge  is  not  available.  The 
accuracy  of  prediction  between  the  two  closely  related 
species,  rats  a^  mice  is  examined  below.  These  dm  reflect 
results  obtained  utxler  similar  experimental  corxlitions,  in¬ 
cluding  administration  of  estimated  MTDs  arxi  laboratory 
diets  fed  ad  libioun.  Thus,  qualitative  prediction  from  one 
rodent  species  to  another  (ix.,  prediction  of  positivity  arxl 
prediction  of  target  organ)  can  be  examined  without  simui- 
taneotisly  havins  to  address  the  issue  of  high  to  low  dose 
extiapolatioo.^^  One  would  expect  that  the  qualitative 
predMon  of  positivity  arxl  target  organ  from  rats  to  mice 
would  likely  be  much  better  than  prediction  from  rats  or  mice 
to  humans.  The  quantitative  prediction  from  high  dose  in  ro- 
dettfs  to  low  dose  in  humans  is  much  ttKtre  uncertain. 
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Quintitativ*  Extrapolation  to  Low  Dom 
from  Bioaasays  Conductad  at  High  Ooaa 

Limitations  of  Cwckiogenesis  Bloassay  Data 
for  Risk  Estimation 

Several  lecent  analyses  indicate  that  measures  of  car¬ 
cinogenic  potency  estunitted  from  standard  rodent  bioassays 
are  restricted  to  a  narrow  range  about  the  maximum  dMe 
tested  for  each  chemicaL^^^  This  narrow  range  contrasts 
with  the  10  million-fold  range  in  the  test  doses  (MIDs)  of 
different  chemicals.  In  our  comprehensive,  standardized 
database  of  chronic,  long-term  bioassays,  the  Qucinogenic 
Potency  Database  (CPDB).  we  use  TDso  based  on  the  one-hit 
model  as  the  measure  of  potency  (i.e.,  dw  tumofigenk  dose 
rate  for  50%  of  the  animals  at  the  end  of  a  standard 
lifespan).^*^*^  One  reason  for  choosing  the  TDso  was  diat 
the  concept  is  easily  understood,  particularly  by  analogy  to 
the  widely  reported  LDso-  Impoimdy,  the  TDso  is  often 
within  the  range  of  doses  tested;  thus,  the  experimental  results 
do  not  have  to  be  extrtfmlated  far  to  estimate  TDso.  The 
statistical  methods  used  to  estimate  TDso  do  not  nutter  great¬ 
ly.  There  is  substantial  agreement  between  TDso  esdnuted 
by  lifetable  and  sumnury  arulyses.^*^  Additioiully,  among 
chemicals  that  ate  positive  in  more  than  one  test  in  a  qiecies, 
the  single,  moat  potent  TDso  value  from  among  all  positive 
tests  in  the  species  is,  with  few  exceptions,  similar  to  other 
measures  that  average  TDso  values  (harmonic  mean,  geo¬ 
metric  mean,  or  arithmetic  mean).^*^ 

Several  years  ago,  we  showed  that  the  potency  (TDso  ) 
calculated  fitom  bioassays,  as  cunently  coriducted,  is  con¬ 
strained  to  be  within  a  narrow  range  (~32-fold)  about  the 
maximum  dose  tested  (in  the  absence  of  100%  tumors  in  all 
dosed  animals).^^^  Several  puiers  that  appeared  later  all  con- 
finned  this  restriction.^’*"^  Recerrtly,  Ktewski,  et  aL^’^ 
showed  that  across  chemicals,  regardless  of  whether  one  uses 
the  one-stage,  multistage,  or  WeibuU  model  to  estirrute  TDso. 
die  correlation  between  the  hfTD  and  carcinogenic  poietKy 
is  greater  than  0.9.  Thus,  potency  estimates  are  conkrained 
to  a  limited  range  when  one  knows  the  MTD. 

TDso  does  not  provide  information  about  low-dose  ex¬ 
posures.  Thus,  we  have  not  attempted  to  say  anything  about 
the  doses  estimated  to  give  tumors  to  one  rat  in  a  tnillioiL  In 
contrast  to  TDso.  vastly  different  results  would  be  obtained 
for  such  an  undenakina.dq)ending  on  what  particular  statis¬ 
tical  model  was  fitted.^^  Whereas  TDso  is  close  to  the  doses 
tested,  an  estimate  of  the  dose  to  give  tumori  to  a  maximum 
of  one  animal  in  a  million  based  on  the  linearized,  multist^ 
model  widely  used  for  regulatory  purposes,  averages  380,(XX} 
times  below  the  bioassqr  high  dose.'*^  This  enormous  toxi¬ 
cological  Teap  in  the  dark"  emphasizes  the  prtint  that  car¬ 
cinogenesis  bioassajrs  were  not  designed  to  determine 
one-in-a-million  risks. 

A  Anther  liraitstion  of  bioassay  data  for  quantitative 
extrapolation  to  low  dose  is  the  minimal  information  avail¬ 


able  about  dose-response  from  an  experiment  with  only  two 
doses  and  a  contnd.  Even  at  the  two  high  doses  te^ed  (MTD 
and  1/2  MID),  it  is  difScult  to  interpret  the  $bspe  of  die 
dose-response  carve  with  dnee  data  points.  A  recent  study^^ 
tested  for  consistency  of  the  dose-response  with  three  dif¬ 
ferent  curves:  linear,  square-root,  and  quadratic.  Results  of 
bioassays  from  the  National  Cancer  Institute/National  Toxi¬ 
cology  Program  (NCIfNTP)  indicate  that  two-thirds  of  the 
curves  are  cons'lstent  with  all  three  models,  and  83%  are 
consistem  with  at  least  two  models.  Mote  of  the  best  fits  are 
consistem  with  a  quadratic  model  than  either  a  linear  or 
square-root  modeL  An  additional  complication  is  the  finding 
dM  the  best  fit  curves  for  more  than  half  the  chemicals  are 
not  the  same  for  different  sex-qiecies  groups  or  different 
target  organs  within  a  single  experimem.  This  variation  in 
curves  for  the  same  chemical  was  also  discussed  earlier.^**’*^ 

The  good  correlation  in  carcinogenic  potency  between 
tats  and  mice  at  the  high  doses  tested  has  bm  inteipreted  as 
a  justification  Ax  quantitative  extrapolation  from  rodents  to 
humans.  However,  the  MTDs  of  rats  and  mice  for  different 
chemicals  are  also  very  highly  correlated;  as  previously 
stated,  they  span  a  Ifi-niillion-fold  range  across  chemicals, 
whereas  die  potency  for  a  given  chemical  is  constrained  to  a 
narrow  range  about  the  MTD.^*^  These  facts  imply  statistica^ 
ly  that  the  potencies  of  chemicais  positive  in  rats  and  mice 
will  be  highly  correlated.  Thus,  the  study  of  potency  correla¬ 
tions  between  rats  and  mice  does  not  sh^  much  light  on  the 
issue  of  quantitative  prediction  between  species.  The  biologi¬ 
cal  basis  for  these  correlations  lies,  in  part,  in  the  high  cor¬ 
relation  in  die  MTDs  of  the  two  qiecies  and,  in  part,  in  the 
experimental  finding  diat  it  is  uncommon  to  observe  either  a 
plateau  in  die  dose-response  curve  or  a  tumor  incidence  of 
1(X)%  in  experiments  conducted  using  the  standard  bioassay 
design.  Th^  results  are  consistent  with  the  hypothesis  that 
mitogenesis  induced  by  the  near  toxic  doses  administered  is 
important  in  the  carcinogenic  response.  The  limitations  of 
bioassay  data  for  use  in  risk  estimation  underscore  the  impor¬ 
tance  of  understanding  mechanisms  of  carcinogenesis. 

Several  recent  analyses  have  shown  that  quantitative  risk 
assessments  as  cunently  conducted  by  regulatory  agencies 
are  also  constrained  to  a  narrow  ranm  about  the  MTD.  Using 
data  from  the  CPDB,  Ktewski  et  have  shown  that  the 

unit  risk  foctor  Qi*  derived  from  the  linearized,  multistage 
model  is  lesbicted  to  a  limited  range  about  the  MTD.  that 
empirically  the  Qi*  values  for  different  chemicals  are  highly 
coiielated  with  the  MTD,  and  that  linear  extrapolation  from 
tile  TDso  usually  results  in  low-dose  slope  estimates  that  are 
siinilar  to  those  based  on  the  linearized,  multistage  model. 
Gaylor^^  estimated  the  risk  qiecific  dose  (RSD)  correspond¬ 
ing  to  a  maximum  risk  of  one  cancer  in  a  million  based  on  the 
multistage  model  and  found  that  RSD  averages  380,(XX)  times 
below  the  MTD  and  diat  90%  of  the  estimates  ate  within  a 
factor  of  10  of  that  number. 

Them  are  striking  findings  with  broad  implications  for 
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risk  assessment:  the  dose  usually  estimated  by  regulatory 
agencies  to  give  a  maximum  of  one  cancer  in  a  million  can 
be  approximated  merely  by  knowing  the  Nni),  and  a 
reasonable  estimate  of  the  Qi*  can  be  made  from  the  TDjo 
values  in  our  published  CPDB.  Proposals  based  on  these 
findings  have  been  made  to  facilitate  the  regulatory  process. 
Although  these  proposals  address  the  question  of  facilitating 
rqulation  as  it  is  currently  done,  di^  do  not  resolve  the 
fundamental  question  of  die  vast  biological  uncertainties  in 
extrapolating  380,000 times  below  the  bioassay  dose.  Rather, 
they  assume  diat  dw  current  methodology  should  be  ap- 
pioxitnated. 

Gay  lor^*^  has  proposed  dividing  the  MTD  by  400,000  to 
estimate  the  virtually  safe  dose;  then,  if  the  intnided  human 
exposure  to  a  chemical  is  greater  than  the  lowest  virtually  safe 
doM,  the  chemical  cannot  be  accepted  as  safe.  If  the  intended 
human  exposure  is  below  the  lowest  virtually  safe  dose,  then 
conducting  a  bioassay  iruty  not  be  necessary  because  the 
predicted  maximum  risk  will  be  below  one  in  a  million  at  the 
inteiKled  exposure  level.^*^  Rulis^^  proposed  a  threshold  of 
regulation  for  safety  assessment  of  packa^g  materials  based 
on  the  distribution  of  TDso  values  in  the  CPDB.  This  requires 
assuming  that  a  substance  is  no  more  toxic  than  die  most 
poiem  chemical  carcinogen  and  inferring  a  theoretical  upper 
bound  on  potency  below  which  risks  would  be  trivial.  The 
California  Deparmient  of  Healdi  Services  has  proposed  that 
regulations  for  Proposition  6S  be  expedited  by  using  the 
adjusted  TDso  values  for  those  chemicals  that  do  not  yet  have 
a  Qi*  from  either  their  agency  or  the  U.S.  Enviroiunentai 
Protection  Agency  (EPA).  Zeire^^  has  shown  that  potency 
estimates  derived  from  TDjo  are  reasonable  estimates  of 
potency  values  proposed  for  Proposition  65. 

Ranking  Possible  Carcinogenic  Hazards 

Our  approach  has  been  to  acknowledge  the  enormous 
limitatioiu  and  uncertainties  in  quantitative  risk  assessmem 
and  to  begin  by  ranking  posaible  carcinogenic  hazards  to 
humans  from  typical  exposures  fw  a  wide  variety  of  chemi- 
Qfjgdsjr)  nniung  can  help  to  set  priorities  when  select¬ 

ing  chemicals  for  chronic  bioassay  or  mechanistic  studies,  for 
epidemiological  research,  and  fm^  regulatory  policy.  The  cur- 
rem  regulatory  process  needs  to  take  into  account  several 
points  that  we  have  previously  discussed  in  detail:^*'^^^^ 

1.  An  extrapolation  from  high  to  low  doses  should  be  bated 
on  an  understanding  of  the  mechanisms  of  carcinogenesis. 

2.  Testing  at  the  MTD  can  frequendy  cause  chronic  cell 
killing  and  consequem  cell  replacement,  a  risk  factor  for 
cancer  that  can  be  limited  to  high  doses.  Ignoring  this 
mitogertesis  effect  can  greatly  exaggerate  many  low-dose 
risks. 

3.  About  half  of  the  chemicals  tested  at  the  MTD  are  positive, 
and  about  40%  of  the  positives  are  not  mutagenic.  This 


would  be  expected  if  autogenesis  is  importaitt  in  the 
carcinogenic  reqxmse  at  the  MTD. 

4.  About  half  of  the  natural  chemicals  tested  chronicaUy  in 
tats  and  mice  at  the  MTD  are  positive,  and  die  natural 
world  of  chemicals  makes  up  the  vast  proporticn  of  chemi¬ 
cals  to  iriiich  humans  are  exposed.  Thus,  Iniman  exposures 
to  rodent  carcinogens  (as  defined  by  testing  at  the  MTD) 
are  likely  to  be  common. 

5. The  toxicology  of  synthetic  and  natural  toxins  is  not 
fundamentally  differ^ 

Together,  these  five  points  indicate  diat  cancer-preven¬ 
tion  strategies  aimed  at  chemical  carcinogens  as  potential 
causes  of  human  cancer  need  to  take  a  broad  overview  of 
chemical  exposures  to  put  possible  hazards  into  pospective 
and  to  focus  on  those  exposures  that  tank  highest  in  possible 
hazard.  If  there  is  an  enormous  natural  background  of  "poten¬ 
tial  human  carcinogens"  as  defined  by  rodent  tests,  then 
smaller  exposures  to  synthetic  chemicals  are  not  like^  to  be 
significant  causes  of  human  cancer.  Ames  et  al.^^  have 
recently  shown,  for  example,  that  even  though  only  52  of  the 
5COQ  or  more  natutaily-occutring  plant  pesticides  in  our  diet 
have  been  tested,  the  27  that  are  rodmt  carcinogens  are 
presem  in  many  common  foods  and  at  concentrations  that  are 
commonly  thousands  of  times  higher  than  the  concentrations 
of  synthetic  pesticide  residues.  It  is  probable  that  almost  every 
fruit  and  vegetable  in  the  supermarket  contain  plant  pesticides 
that  are  rodent  carcinogens.  A  chemical  pollutant  should  not 
be  a  high  priority  for  concern  with  respect  to  carcinogenicity 
if  its  possible  hazard  seems  far  below  that  of  many  common 
food  items.^^^^  This  is  not  to  say  that  these  dietary  exposures 
are  necessarily  of  much  relevance  to  human  cancer;  rather  the 
background  of  exposures  to  natural  rodent  carcinogens  may 
cast  doubt  on  the  relevance  of  fat  lower  levels  of  exposures 
to  synthetic  rodent  carcinogens. 

Our  ranking  of  possible  carcinogenic  hazards  is  based  on 
a  simple  measure.  Human  Exposure/Rodent  Potency 
(HERP),  that  indicates  what  percentage  of  the  TDso  in 
mg/kg/day  a  human  gets  from  a  daily  lifetime  exposure  to  a 
given  chemical.  We  have  also  ranked  possible  carcinogenic 
hazards  in  the  workplace  based  on  die  Permitted  Ex- 
posure/Rodent  Potency  (PERP)  index,  using  the  Occupation¬ 
al  Safety  and  Health  Administration  (OSHA)  Permissible 
Exposure  Limit  (I^)  as  a  surrogate  for  estimates  of  ex¬ 
posure.^  The  HERP  or  PERP  index  uses  the  same  animal 
results  and  sitnilar  statistical  methods  as  the  usual  low-dose 
linear  estimation  of  risk;  however,  our  purpose  is  to  compore 
possible  carcinogenic  hazards  from  a  variety  of  naturally-oc¬ 
curring  and  synthetic  chemicals,  not  to  perform  risk  assess¬ 
ments.  As  more  theory  is  developed  arid  more  evidence  is 
produced  about  the  mechanisms  of  carcinogenesis,  the  rank¬ 
ing  of  hazards  by  the  simple  HERP  index  can  be  improved 
(as  can  risk  assessment)  by  taking  into  account  information 
on  a  given  chemicaL  Le.,  mechanism,  shape  of  the  dose- 
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response  curve,  and  mutagenicity.  tobeimpottant,tliey  might  be  bred  out;  for  ptocessed  foods 

Our  analysis  of  possible  carcinogenic  hazards  suggests  such  as  coffee,  they  might  be  extracted, 

thatthepossibiehazardsofsyntheticchefnicalsingestedfrom  It  is  unlikely  that  the  high  piopration  of  carcinogens  in 

pesd^  residues  cr  water  poUution  ^rpear  to  be  trivial  rodentstudiesisduesimplytoselectionofsuspiciouschenii- 
relative  to  the  background  of  rodent  carcinogens  from  natural  cal  stnictures:  most  chemicals  were  selected  because  of  tfadr 

snd  traditional  chemicals  (e.g.,  from  the  cooking  of  food  or  use  as  industrial  conqxMinds,  pesticides,  drugs,  or  food  addi- 

nature's  pesticides  in  plant  foods).  tives.  Moreover,  historically  our  knowledge  to  predict  car- 

Fbr  occupational  exposures,  there  is  a  100,000-fold  dnogenicity  has  been  inadequate.^^^  We  have  examined  the 

range  in  possibie^inogenk  hazard  for  rodent  carcinogens  proportion  of  chemicals  in  the  CPDB  that  are  positive  for  ten 

that  have  reLs.^  '  For  several  compounds,  the  permitted  different  data  sets,  and  in  each  roughly  half  of  the 
exposures  to  workers  are  close  to  the  I'bso  value  in  rodents,  chemicals  are  positive  according  to  the  published  author’s 

indicating  that  these  should  be  a  high  priority  for  regulatory  opinion  in  at  least  one  test  (Table  1):  all  chemicals  in  the 

attentiott.  For  high  occupational  exposures,  Uttle  extnpola-  CPDB,  Na/mTcheinicals,Na  chemicals  reported  before 

don  is  required  from  the  doses  used  in  rodent  bioassays;  1979,  literature  otherthanNa/NTP,cheniicato  tested  in  both 

thmfbre,assunipdonsaboutextrapoiadMarelessirnpottarit  rats  and  iitice  (and  arnong  these,  natural  cheinicals  only  and 
This  contrasts  with  the  large  extrapolations  requited  for  the  qmthetic  chemicals  only),  natural  pesticides,  mold  toxins, 
low  doses  of  human  exposures  to  pesticide  residues  or  water  and22  chemicals  in  coffee.^*'^*’^’^^^Even  if  there  is  some 

pollution.  selection  bias,  tiiese  results  indicate  that  we  are  likely  to  be 

Only  a  tiny  fraction  of  the  chemicals  to  which  humans  living  in  a  sea  of  rodent  carcinogens  as  defined  by  testing  at 
are  exposed  will  ever  be  tested  in  rodent  bioassays.  One  the  MID. 
strategy  for  choosing  chemicals  to  test  is  to  prioritize  chemi- 

caU  according  to  how  they  might  rank  in  possible  hazard  if  Mechanisms  of  Carcinogenesis: 
theyweretobeidentifiedasrodentcatcinogens.Ausefulfiist  Mutagenesis,  MHogenesis,  and  Carcinogenesis 
approximation  is  the  analogous  ratio  Hutiuui  Exposure/Ro¬ 
dent  Toxicity  (HERT).  HERT  would  use  readily  available  study  of  the  mechanisms  of  carcimgenesrs  is  a 

LDso  values  rather  than  the  TDso  values  used  in  (SRP.LDso  npidly  developing  field  that  can  improve  regulatory  policy, 

is  related  to  the  MTD  and  the  TD30.(30,31)  and  we  have  found  Both  DNA  dainageand  mitogenesis  are  important  aspects  of 

that  the  ranking  of  possible  carcinogenic  hazards  by  HERP  carcinewenes^and  increasing  either  substantially  can  cruise 

and  HERT  is  similar.^^*'  The  number  of  people  exposed  is  cancer.  ^ 

also  relevant  when  attempting  to  prioritize  systernatically  Mutagens  are  often  thou^  to  be  only  exogenous  agents; 

among  chemicals.  Chemicals  with  high  HERT  and  popula:-  however,  endogenous  mutagens  cause  DNA  damage  (oxidiH 
tion  exposure  could  then  be  investigated  in  more  det^  as  to  tive  atxl  other  adducts)  that  can  be  converted  to  mutations 
mutagenicity,  mitogenicity,  phatmacokinetics,  and  the  like.  during  cell  division.  Endogenous  rates  of  DNA  damage  ate 

Natural  and  synthetic  chemicals  should  both  be  ranked.  If  enoniKMis.  We  estitiuue  that  the  DNA  hits  per  cell  per  day 

natural  chemicals  in  foods  (e.g.,  chlorogenic  acid  in  coffee,  from  endogeiraus  oxidants  are  notirudly  10^  in  die  rat  and  10^ 

psoralens  in  celery,  or  indole  carbinol  in  broccoli)  turned  out  in  the  hunum.^^*^^  This  promutagenic  damage  is  effectively 


TABLE  L  Pmortlon  of  CtMmieato  Evakiatod  M  Cardnogwiic^  tor  Swwal  Data  SMa 

In  tlM  CPOB** 


1 .  Chsmicato  taatad  in  boti  rats  and  mios 

286/479(60%) 

la.  Nahaaly-eoouRlng  chsmteals  tested  in  bodi  rats  and  mics 
tb.  Syiahstte  chsmlcsto  tested  in  bodi  rmi  and  ffltas 

SOriOt  (55%) 

2321378(61%) 

2.  NCIiNTP  chsmicals^ 

as.  NCI/NTP  chamieate  tested  bstare  1979 
ab.  NCI/NTP  ehsmicais  tested  alter  1979 

aGri17(51%) 

10Sn98(53%) 

3.  Chandcais  tasted  in  at  toast  ons  apsciss 

3a.  Natural  paaticldaa 

29/57(51%) 

3b.  Mold  toxins 

12120(60%) 

3&  Chsmieato  in  roasted  ooffaa 

1906  (73%) 

^AohwnicaliseiasaMsdaBpoaMveirttwaaharofalleareenapublahadwparimenievriwisdre- 
aa  svUsnM  riat  the  oeinpound  Is  carebiogwiia 

^CPOft  •  CfldnooMic  PolMictf 

(NCkNTP) 

tnbetiralBandmiea. 
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nGURE  1.  MilogeoMif  iacnatet  maMfenHU.  Mitofenetit  (induoed  cell  diviiion)  ia  a  multiplier  of  cndoguioiis 

(or  eMgenoys)  WA  dMMfe  leadiiig  10  fflumiaii.  The  petbw^r  10  ineciivtting  (x)  both  copim  of  a  lecemive  tomor  s^>- 
pnmar  |eae  it  ihown  (two  venieal  Hm  lepeaeai  the  par  of  dmaiKMomet  canying  the  aenet).  Cell  division  incnaKt 
mewnweeisbecaaeeoflhBlhflowingDNAatMnciiaiBcoawenBdiDmntaiwewbelotetheyamiepiiiedd  A2a);  nane- 
lians  owing  m  DNA  lepUcetioa  (1 A  2a):  and  leplieatiag  DNA  is  nnae  valneteble  to  daoi^  (I  A  2a)L  Miiobc  leconfai- 
nation  (2a).  fane  convefsion  (2a).  and  nondisjunctiBo  (2b)  atemmefteqiient.  sod  the  fiisitwo  give  rise  ID  the  sssne  mint- 
tion  on  both  cInnmoeoiiiBa.  This  diaffam  does  not  sltcnnit  to  deel  with  the  conudexnMaationalpelliway  to  temow. 


but  not  perfectly  repaired;  the  nomul  Steady-State  level  of  just 
S-hydroxydeoxyguanosine  (1  of  about  20  known  oxidative 
DNA  adduett)  in  a  2-year-old  rat  ONA  has  been  measured  as 
1/1 30,000  bases  or  about  90,000 per  oell.^^^^  We  have  argued 
that  this  oxidative  DNA  damage  is  a  major  contributor  to 
aging  and  to  the  degenerative  diseases  associated  with  aging 
such  as  cancer.^**^' Thus,  any  agent  causing  chronic  mito- 
genesis  can  be  indirectly  mutagenic  (and  consequently  car¬ 
cinogenic)  because  it  increases  the  probability  of  converting 
endogenous  DNA  damage  into  mutations  (Figure  1).  Further¬ 
more,  endogenous  rates  of  DNA  damage  are  so  high  that  it 
may  be  difficult  for  exogenous  mutagens  to  increase  the  total 
DNA  damage  rate  significantly  by  low  doses  that  do  not 
increase  mitogenesis. 

Geneticists  have  long  known  that  cell  division  is  critical 
for  mutagenesis.  If  one  accepts  that  mutagenesis  is  impoitant 
for  carcinogenesis,  it  follows  that  mitogenesis  rates  must  be 
important  The  inactivation  of  tumor  suppressor  genes  is  also 
known  to  be  important  in  carcinogenesis,  and  recent  evidence 
suggests  that  one  of  the  functions  of  tumor  suppressor  genes 
is  to  inhibit  mitogenesis.^'*'^  When  the  first  copy  of  a  tumor 
suppressor  gene  is  mutated,  the  inactivation  of  the  second 
copy  (loss  of  heterozygosity)  is  more  likely  to  be  caused  by 
processes  whose  frequency  is  dependent  on  cell  division 
(mitotic  recombination,  gene  conversion,  and  nondisjunc¬ 
tion)  than  by  an  independent  second  mutation.^' Hierefore, 
loss  of  hetoozygosity  will  be  stimulated  by  increased  mito* 
genesis.  Thus,  while  the  stimulation  of  mitogenesis  increases 
the  diance  of  every  mutational  step,  it  is  a  much  more 
importam  factor  for  tumor  induction  after  the  first  mutation 
has  occurred.  This  eiwlains  why  mutagenesis  and  tnitogene- 
sis  are  synergistic^'*^  and  why  mitogenesis  after  die  first 
mutation  is  more  effective  than  before. 

Thinking  of  chemicals  as  "irdtiatots''  or  "promoters'' 
conftiaes  mechanistic  issues.^^^  The  idea  that  "promoters” 


are  not,  in  themselves,  carcinogens  is  not  credible  on 
mechanistic  grounds  and  is  not  correct  on  experimental 
grounds.('.2'^^  Every  classical  "promoter"  that  has  been 
tested  adequately  (e.g.,  (dienobarbital,  catechol,  TPA)  is  a 
carcinogen.  The^ery  word  "promoter"  confuses  the  issue 
because  mitogenesis  may  be  caused  by  one  dose  of  achemical 
and  not  by  a  lower  dose.  Domiruuit  oncogenes  and  their  clonal 
expansion  by  mitogenesis  can  clearly  be  involved  in  car¬ 
cinogenesis,  adding  complexity;  however,  these  mechanisms 
are  still  consistent  with  ttw  view  that  mitogenesis  is  an  impor¬ 
tant  factor  in  carcinogenesis.  Nongenotoxic  agents  (e.g.,  sac¬ 
charin)  can  be  carcinogens  at  high  doses  just  by  causing  cell 
killing  with  chronic  mitogenesis  and  inflammation,  and  the 
dose-response  would  be  euected  to  show  a 
threshold.'  '  Epigenetic  factors  are  also  involved  in  car¬ 
cinogenesis.  However,  both  mitogenesis  (e.g.,  through 
mitotic  recombination)  and  DNA  damage  can  cause  loss  of 
S-methylC  or  other  epigenetic  modification.^'  Chronic 
mitogenesis  by  itself  can  be  a  risk  factor  for  cancer,  theory 
predicts  it  and  the  literature  supports  The  40%  of 

rodent  carcinogens  that  are  not  detectable  mutagens  should 
be  investigated  to  see  if  tiieir  carcinogenic  effects  at  high 
doses  result  from  induction  of  mitogenesis;  if  so,  then  such 
rodent  carcinogens  would  be  unlikely  to  be  a  risk  at  low  doses. 

Genotoxic  chemicals,  because  they  hit  DNA,  are  even 
more  effective  than  nongenotoxic  chemicals  at  causing  cell 
killing  and  cell  replacemem  at  high  doses.  Because  genotoxic 
chemicals  also  aa  as  mutagens,  tiiey  can  produce  a  multi¬ 
plicative  interaction  not  found  at  low  dos^  leadins  to  an 
upward  curving  dose-response  for  caicinogenicity.^^'^' 
biogenesis  can  often  be  the  dominant  factor  in  chemical 
carcinogenesis  at  the  high,  nearly  toxic  doses  used  in  rodent 
Moassays,  even  for  mutagens.  Mitogenesis  can  be  caused  by 
toxicity  of  chemicals  at  high  dose  (cell  killing  and  subsequent 
replacement),  by  interference  with  cell-cell  communication 
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at  high  doae,^'*^^  by  substances  such  as  honnones  binding 
to  recqNofs  that  control  cell  division,^^^^  by  oxidants  (the 
wound  healing  response),  by  vinises,  and  such.^^  The  impor* 
tant  factor  is  not  toxicity,  but  increased  mitc^enesis  in  diose 
cells  that  are  not  discarded. 

The  importance  of  chronic  mitogenesis  for  many  of  the 
known  causes  of  human  cancer  has  been  discussed  (e.g., 
hormones  in  breast  cancer,  hepatitis  or  C  viruses  or 
aicr^l  in  liver  cancer;  high  salt  or  Helicobaaer  (Cam¬ 
pylobacter)  infection  in  storruch  cancer,  papillonu  virus  in 
cervical  cancer,  asbestos  or  tobacco  smoke  in  lung  cancer; 
and  excess  animal  fat  and  low  calcium  in  colon  can- 
cer),<2.43.48)  chemical  carcinogens  associated  -with  oc- 
cupatiotul  cancer,  worker  exposure  historically  was  often  at 
hi^  doses  that  might  be  expected  to  induce  mitogenesis. 

In  animal  cancer  tests,  chronic  dosing  at  the  MIT)  may 
often  be  the  equivalent  of  chronic  wounding,  which  is  known 
both  to  increase  carcinogenesis  in  animals  and  to  be  a  risk 
fretor  for  cancer  in  humans.^^^^  In  the  usual  experimental 
design  of  dosing  at  the  MTD  and  1/2  MTD,  both  dose  levels 
are  high  and  nuy  result  in  mitogenesis.  Even  at  these  two  high 
doses,  we  have  found  that  44%  of  the  positive  sites  in  NTP 
bioassays  are  statistically  signiftcant  at  the  MTD  but  not  at 
1/2  the  MTD  (among  3^  positive  sites).  It  is  clear  that  the 
mechanisms  of  action  for  ^  rodou  carcinogens  are  not  the 
same  and  that  otw  carutot  use  a  simple,  linearized,  risk  assess¬ 
ment  model  for  all  of  them.  For  some  chemicals,  there  is 
evidence  to  support  mitogenesis  effects  unique  to  high  doses 
(e.g.,  formaldehyde,  ttwlamine,  and  saccharin).  For  others 
(e.g.,  butadiene),  carcinogenic  effects  have  been  found  1(X) 
times  below  the  MTD.  Further  studies  of  mechanism  in  rodent 
bioassajrs  should  help  to  clarity  such  differences.  Adding 
routine  measurements  of  mitogenesis  to  the  1 3-wedt  toxicol¬ 
ogy  study  and  the  2-year  bioassay  would  provide  information 
that  would  improve  dose  setting,  interpretation  of  experimen¬ 
tal  results,  and  risk  assessment  The  work  of  Curuiingham  et 
^  (3031)  2  example  of  how  mechanism  studies  help 

to  differentiate  amor<g  chemicals.  Their  experiments  showed 
that  with  pain  of  vnutagenic  isotnen  (1-  versus  2-nitro- 
prr  ^  e  and  2,4- verjus  2,6- diaminotoluene),  one  isomer  is 
a  carcinogen  and  the  other  is  not;  however,  only  the  car- 
'  inogen  was  mitogenic. 

Quilitalivv  Extrapolation  BatiMMn  Sp«dM 

Prelection  of  Positivity 

How  well  can  one  predict  carcinogenicity  from  rats  to 
mice  or  from  mice  to  rats?  These  closely  related  species  both 
receive  doses  at  or  near  the  MTD  in  dironic  bioasuys. 
Because  humans  are  less  closely  related  to  rodents,  qualita¬ 
tive  prediction  ftom  results  in  tats  or  mice  to  humans  exposed 
at  lu^  doses  is  net  likely  to  be  more  accurate  than  prediction 
between  rats  and  mice. 


TABLE  n.  Compartoon  of  Carcinogenic  Haaponae 
for  479  Chamicaia  Taatad  In  Both  Rata  and  Mea 


NotposMvainaithsrralBormioo  191 

PosHha  in  rats  only  59 

Posilivs  In  mios  only  64 

PosMve  in  both  rati  and  mica,  no  oonimon  target  aha  57 

Poaitiva  in  both  rats  and  mica  at  same  taroatsita  108* 


^for47oflhasa  108  chemicals,  the  ivar  is  the  only  aha  in  com¬ 
mon  bawraan  rata  and  mioa. 

Using  results  in  the  CPDB  for  the  479  chemicals  that 
have  been  tested  in  both  rats  and  mice.  Table  n  indicates  that 
if achemical  is  positive  in  one  of  the  species,  it  will  be  positive 
in  the  other  species  about  75%  of  the  time.  This  is  similar  to 
results  tnxMied  earlier  for  smaller  numbers  of  chemi- 
^^(45,33^34)  about  half  of  the  test  chemicals  are 

positive  in  each  species,  by  chance  alone  we  would  expect  a 
positive  predictive  value  between  species  of  about  50%.^^*^ 
Thus,  the  overall  predictive  values  of  75%  between  rats  and 
mice  provide  only  moderate  confidence  in  interspecies  ex- 
tr^robuion.  We  have  also  compared  results  for  the  limited 
number  of  compounds  tested  in  hamsters  and  rats  or  hamsters 
and  mice.  Prediction  ftom  rats  to  hamsters  or  ftom  mice  to 
hamsttrs  (about  65%)  is  similar  to,  but  sli^y  less  accurate 
than,  prediction  between  tats  and  mice. 

We  have  discussed  three  factors  that  influence  the  ac¬ 
curacy  of  prediction  of  carcinogenicity  between  rats  and 
mice.  Predictive  values  are  more  accurate  for  mutagens  than 
nonmutagens  and  for  chemicals  that  are  toxic  at  lower  doses 
compared  to  hi^wr  doses  (as  measured  by  the  MTD).  The 
acciiiacy  of  prediction  also  varies  by  chemical  class.^^^ 

Prediction  of  Target  Site 

If  achemical  is  positive  in  one  species,  how  often  will  it 
be  positive  in  the  other  species  and  at  the  same  target  site? 
Because  many  chemicals  induce  tumors  at  multiple  sites, 
there  is  often  more  than  one  target  site  that  is  potentially  a 
common  site  for  the  two  species,  thus  increasing  the  chance 
that  there  will  be  some  target  site  in  commoa 

Site-specific  prediction  between  tats  and  mice  is  less 
accuiate  than  over^  prediction  of  positivity.  Knowing  that  a 
chemical  is  positive  at-any  site  in  one  species  gives  about  a 
50%  diance  that  it  will  be  positive  at  the  same  site  in  the  other 
species  (Table  II)*  For  47  of  the  108  chemicals  with  a  site  in 
common  between  rats  and  mice,  the  liver  is  the  only  site  in 
common.  Site-specific  prediction  ftom  tats  or  mice  to 
hamsters  is  similar  to  that  between  rats  and  mice. 

Ultimately,  one  wants  to  know  whether  chemicals  that 
have  been  shown  to  be  carcinogenic  in  experimental  animals 
are  also  carcinogenic  in  humans.  This  question  cannot  be 
answered  by  reversing  the  question  (Le.,  by  asking  whether 
chemicals  that  are  human  carcinogens  are  also  carcinogenic 
in  a  rodent  species)  because  even  if  most  human  carcinogens 
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are  lodent  cafctnofent,  the  convene  does  noc  necessarily 
follow,  as  can  be  demonstmed  by  a  simple  piobabilisiic 
argument^^  However,  some  additional  evidence  about  in- 
lenpecies  extrapolation  can  be  obtained  by  asking  how  good 
a  model  the  human  is  for  the  nt  or  the  mouse,  even  diough 
this  will  not  provide  diiect  evidence  about  how  good  a  model 
the  rat  or  mouse  is  for  the  human.  The  evaluations  of  the 
Intemational  Agency  for  Reaeaidi  on  Cancer  (lARQ^^  list 
53  known  human  carcinogens  including  industrial  processes, 
therapeutic  combinations,  single  chemicals,  and  mixtures 
such  as  tobacco  amoke.^^^  For  35  of  these,  data  in  ex¬ 
perimental  anhnals  have  been  evaluated  by  lARC^^^  The 
CPDB  includes  only  results  of  experiments  on  singk  chemi¬ 
cals,  adtninisiered  1^  routes  expected  to  result  in  whole-body 
exposure,  that  meet  specified  experimental-design  criteria.  A 
search  of  the  CPDB  indicates  that  lesuhs  are  included  for  17 
human  carcinogens  tested  in  rats  and  for  16  tested  in  mice. 
Using  only  these  CPDB  results,  the  overall  predictive  value 
fiom  humans  to  tats  is  76%  ( 1 3/1 7)  and  from  humans  to  rake 
is  75%  (12/16).  For  some  human  carcinogens  with  only 
negative  results^  in  the  CPDB,  positive  results  have  been 
obtained  in  experiments  not  meeting  CPDB  inclusion 
criteria.^^^  Piedictian  based  on  target  organ  is  47%  (8/17) 
from  humans  to  rats  and  37%  (6/16)  from  humans  to  mice. 
Thus,  the  overall  predictive  values  are  similar  to  those 
reported  above  between  rats  and  mice  for  the  CPDB;  the  value 
for  target  organ  is  slightly  lower  for  mice. 

Based  on  this  experimental  evidence  from  the  (7DB 
involving  prediction  from  rats  to  mice,  from  rats  or  mice  to 
hamsters,  and  from  humans  to  rats  or  mice,  we  coTKlude  dial 
one  caimot  assume  that  if  a  chemical  induces  tumors  at  a 
given  site  in  one  species  it  will  also  induce  tumors  at  the  same 
site  in  a  second  species;  the  likelihood  is  at  most  49%. 
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The fMowing  is  the  abstract  of  the  presentation  by  Mr.  Bailar. 
His  paper  is  not  available  for  piMication  at  this  time. 

Present  mattwds  of  aseessino  tfw  human  health  risks  of 
cwdnogens  at  low  exposure  levels  are  likely,  on  the  whole,  to 
underertmats  those  risks.  In  this  context,  low  exposure 
levets*  means  exposures  where  the  assessed  risks  are  IQT* 
or  lower.  The  process  of  risk  assessment  in  tWa  range  is  widely 
recognizsd,  especially  by  its  practHioners.  to  be  subject  to 
much  uncertainty,  often  orders  of  magnitude.  Neither  sup- 
portsrs  nor  critics  have  a  "gold  standard”  to  assess  the  perfor¬ 
mance  of  various  steps  in  the  process.  There  are  several 
strong  reasons,  however,  for  believing  that  risks  overaH  may 
wel  be  greater  than  estimatad. 

First,  there  are  at  least  six  plausible  biologic  mechanisms 
that  produce  supraHnear  dose-response  curves.  Each  of 
these  has  been  shown  in  practioe  to  be  important  at  higher  risk 
levels  in  some  risk  aasassments.  and  none  has  bean  ruled  out 
as  being  of  broad  importanos.  In  fact,  data  from  the  National 
Toxicology  Program  show  that  underastimatss  wHh  the  one4iit 
model  are  almost  as  common  as  overestimates. 

Second,  uncertainty  in  risk  assessment  is  commonly  ex¬ 
pressed  on  geometric  (logarithmic)  scale,  such  as  *within  an 
order  of  magnitudo.*  but  what  matters  for  the  protection  of 
human  health  is  risk  on  a  linear  scale.  For  example,  the 
consequences  of  underestimating  risk  by  a  tactor  of  1 0  or  1 00 
are  9  or  99  times  greater  than  the  oonsaquenoss  of  similar 
ovsrestimation.  Thus,  an  argument  that  overestimation  is 
more  common,  even  (contrary  to  evidsnos)  by  a  wide  margin. 


is  compatible  with  an  overall  result  that  is  far  from  conserva¬ 
tive. 

Third,  when  the  data  as  a  whole  are  deemed  to  be 
compatible  with  a  supralinear  model  (not  just  a  matter  of 
showing  that  a  linear  or  orte-hit  model  faito  to  W).  one  generally 
has  no  way  to  estimate  where  the  curve  starts  to  Hatten  out” 
and  hence  no  way  to  derive  an  upper  bound  on  risk  at  much 
lower  levels.  This  situation  seems  to  be  quite  common:  A  linear 
model  fitted  to  one  high-dose  point  or  even  two  if  there  is  some 
evidence  of  flattening  at  the  upper  end.  is  compatible  with  very 
large  risks  at  lower  doses  even  if  those  risks  are  sublinear 
because  an  upper  bound  in  that  range  cannot  be  calculated. 

Fourth,  we  do  have  a  human  health  problem.  Cancer 
incidence  rates  are  known  to  be  rising  everywhere  that  ade¬ 
quate  epidemiologic  data  exist;  canosr  death  rates  at  older 
ages  are  rising  even  when  lung  cancer  is  excluded  from  the 
data,  and  geographic  dHferenoes  in  risk  cannot  be  explained 
by  inherent  differwices  in  susceptibility.  A  high  proportion  of 
persons  now  get  at  least  one  cancer  at  some  time  during  their 
lives,  and  something  external  is  causing  most  of  them  (per¬ 
haps  85%)  or  we  would  not  find  such  large  variations  in  risk 
ovsr  space  and  time. 

Recent  arguments  that  risk  assessment  methods  on  the 
whole  overestimate  hazards  to  human  health  are  not  and  will 
not  become  credfirie  unless  they  can  be  revised  to  respond  to 
the  concerns  expressed  above.  On  the  basis  of  current  evi¬ 
dence.  it  is  more  likely  that  standard  methods  underestimate 
risk,  despite  some  recent  and  well-pubiicized  exceptions. 
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Currant  risk  assesamantpractioas  largely  reflect  ttie  need 
for  a  oonaiatant  aat  of  relativoiy  rapid,  first-cut  procedures  to 
assess  'Ipiausfole  upper  limits''  of  various  risks.  These  prac- 
ticae  have  important  roles  to  play  in  1)  screening  candfoata 
hazards  for  initial  attention  and  2)  diracdng  atlantian  to  cases 
where  moderate-cost  measures  to  control  exposures  are  likaiy 
to  be  warranted,  in  the  absence  of  further  extensive  (and 
expensive)  data  gathering  and  analyais. 

A  problam  with  the  currant  pracfloes,  however,  is  that  they 
have  lad  assessors  to  do  a  generally  poor  job  of  anidyzing  and 
expressing  uncertainties,  fostering  'One-Number  Disease*  (in 
which  everything  from  one’s  social  policy  position  on  ri^ 
acceptance  to  one's  technical  judgment  on  the  likelihood  of 
different  cancer  dose-response  relationships  is  rolled  into  a 
single  quantity).  At  least  for  analyses  that  involve  relatively 
important  decisions  for  society  (both  relatively  large  potential 
health  risks  and  relatively  large  potential  economic  costs  or 
other  disruptions),  we  can  and  should  at  least  go  one  further 
stop  —  and  that  is  to  assess  and  convey  both  a  central 
tendency  estimate  of  exposure  and  risk  as  well  as  our  more 
conventional  'conservative*  uppar-confidenoe-limit  values. 

To  accomplish  this,  more  sophisticated  efforts  are 
needed  to  appropriately  represent  the  likely  affects  of  various 
sources  of  uncertainty  along  the  casual  chain  from  the  release 
of  toxicants  to  the  production  of  adverse  effects.  When  the 
effects  of  irKfividual  sources  of  uncertainty  are  assessed  (and 
any  important  interactions  included),  Mo^  Carlo  simulation 
procedures  can  be  used  to  produce  an  overall  analysis  of 
uncertainties  and  to  highlight  areas  where  uncertainties  might 
be  appreciably  reduced  by  further  study.  Beyond  the  informa¬ 
tion  yielded  by  such  analyses  for  dedsiorwnaking  in  a  few 
imprirtant  cases,  the  value  of  doing  several  exemplary  risk 
assessments  in  this  way  is  that  a  set  of  benchmarks  can  be 
defined  that  win  help  calibrate  the  assumptions  used  in  the 
larger  number  ol  riak  assessments  that  must  be  done  by 
*defauir  procedures. 

bitroductlon 

To  communicate  with  some  degree  of  clarity  on  foe 
subject  of  uncertainty,  it  is  necessary  to  offer  some  basic 
defiiiitians  and  distiiictions  from  reiieed  concepts.  In  this 
paper,  "uncertsinty  analysis”  means  an  attempt  to  foirly  as¬ 
sess  and  convey  how  likely  it  is  that  foe  estiinatad  value  of  a 
particular  parameter  differs  by  various  amounts  from  foe 
"truth.”  A  description  of  uncertainty,  therefore,  is  a  descrip¬ 


tion  of  foe  imperfection  in  knowledge  about  somefoing  foat 
is  conceived  of  as  having  some  "true”  single  value  in  some 
inaccessible  reality.  "Uncertainty  analysis”  must  be  distin¬ 
guished  from  another  concqn  foid  is  alro  described  wifo  foe 
aid  of  probability  distributions.  "Heterogeneity”  or  "intetin- 
dividual  variability”  is  foe  distribution  of  true  values  of  a 
parameter  foat  would  be  found  in  a  population  by  perfectly 
accurate  measurement  teduiiques.  Fte  example,  wei^iing  a 
set  of  individuals  with  an  excellent  scale  will  not  obtain  foe 
same  results  for  different  people.  People  really  do  differ  in 
their  weights  (and  other  characteristics  foat  affect  individual 
risks)  and  no  degree  of  itiquoveinent  in  foe  measuring  instru¬ 
ment  will  make  them  all  the  same.  The  difficulties  of  knowing 
the  degree  of  interindividual  variability  in  susceptibility  to 
toxicants  in  a  population  is  one  fector  that  contributes  to 
uncertainties  in  assessing  risks  particularly  for  noncancer 
effects.^” 

First,  some  policy  questions  related  to  uncertainty 
analysis  will  be  discuss^  i.e.,  what  is  it  potentially  good  for, 
and  why  is  this  such  a  touchy  subject?  This  will  be  followed 
by  some  historical  speculations  on  why  ituuiy  of  those  who 
were  iHought  up  in  foe  1940s  to  foe  1960s  and  received 
technical  training  in  foe  1960s  through  the  1980$  find  the 
prospect  of  quantitatively  assessing  uncertainties  foreign  attd 
troubling.  An  extended  example  will  be  offered  \ifoich  ad¬ 
dresses  the  uncertainties  in  a  practical  risk  assessment  con¬ 
text;  the  example  compares  potential  carcinogenic  risks  of 
drinking  water  from  two  sources;  an  "Advanced  Water  Treat¬ 
ment”  system  developed  for  the  Qty  of  San  Diego  and  a 
particular  reservoir  sityplied  from  the  Colorado  River.  Rnal- 
ly,  some  general  caveats  and  warnings  are  offered  about  the 
"brave  new  world”  of  enhanced  analysis  of  uncertainties  in 
risk  analysis. 

Uncwtainty  Analysis:  Policy  ConsMsrations 

A  good  analysis  of  uncertainties  serves  policy  goals  of 

1)  "bounding  the  set  of  rxit  clearly  inctnrect  amwers”^^  atxl 

2)  allowing  the  reader  of  a  sM  of  risk  assessment  results  to 
"make  as  informed  a  decision  on  risk  acceptance  or  control 
tt  if  the  readCT  hitn/herseif  had  gone  thtxMigh  the  process  of 
doing  the  riak  asaesstnenL"^^^  An  appropriate  analysis  of 
uncertainties  brings  into  the  open  the  expected  consequences 
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of  standard  sunmiaiy  treatments  of  uncertainties  in  different 
factns  affecting  risi^  dius  allowing  greater  scope  in  making 
risk  control  choices  from  among  options  that  are  expected  to 
limit  risk  to  various  extents  with  different  degrees  of  con¬ 
fidence. 

The  particular  form  of  expression  of  uncertain  results 
that  is  most  relevant  for  policy-making  depends  on  the  legis¬ 
lative  mandate  of  a  particular  program  or  type  of  decision. 
Changing  the  form  for  expressing  uncertainty  for  qrecific 
regulatory  purposes  requires  careful  examination  of  whether 
one  is  changing  the  protective  posture  of  the  agency  in 
implementing  the  intent  of  the  law  in  questiotL  Legislation 
diat  calls  on  an  agoicy  to  "protect  public  health  with  an 
adequate  ma^in  of  safety"  may  well  be  interpreted  as  direct¬ 
ing  dK  agency  to  pay  attendon  to  the  level  of  risk  that,  in  the 
judgrrwnt  of  agency  analysts,  will  not  be  exceeded  with 
relatively  high  confidence  (99%  or  possibly  more);  in  con¬ 
trast,  a  statute  calling  for  a  cost/benefit  baltUKing  may  well 
be  interpreted  as  requiring  the  agency  to  pay  attention  to  the 
mean  "expected  values"  of  the  distribudons  of  the  estimates 
of  risk  and  economic  costs. 

Ideally,  an  analysis  of  uncertainty  is  not  an  afterthought 
that  one  gets  from  the  stadsdcian  after  the  rest  of  the  work  on 
a  risk  assessment  has  been  completed.  It  should  really  be  part 
of  the  "warp"  and  "woor  of  each  step  in  the  analydcal  process 
diat  carries  some  uncertainty  (i.e.,  everything  but  die  arith- 
medc  and  sometimes  the  arithmetic,  too).  Thus,  among  the 
reasons  this  subject  is  sensidve  are  1)  it  matters  to  the  sub- 
standve  protecdve  posture  for  managing  risks  and  2)  it  has 
the  potential  to  ctumge  the  way  a  substantial  number  of 
techrucal  analysts  do  their  jobs. 

Historical  Attitudss  Toward  Uncertaintiss 
in  Scientific  Information 

Many  scientists  involved  in  risk  issues  have  some  reluc¬ 
tance  to  attempt  to  quantify  their  uncertaindes;  this  may 
derive  from  the  cultiual  assumptions  about  science  that 
prevailed  when  they  were  growing  up  and  making  the  lifetime 
commitment  to  become  scientists.  Recent  changes  in  these 
culturil  assumptions  are  a  likely  source  of  a  feeling  among 
scientistt  that  the  understandings  under  which  they  chose 
science  as  a  career  have  been  altered,  and  not  for  the  better. 

One  popular  scientific  attitude  toward  uncertainties 
present  in  the  19S08,  when  many  of  today’s  scientists  were 
children,  is  typified  by  detective  Joe  Friday’s  saying.  "Just  die 
facts,  ma’m,  nothing  but  the  facts."  Joe  Friday  was  not  a 
scientist,  of  course,  but  we  do  not  recall  Mr.  Wizard  being 
uncertain  about  anything  either.  A  fiivorite  example,  how¬ 
ever,  is  from  aclassk  early  1950ssciencefictionmoviecalled 
THEM  in  which  giant  ants  have  been  produced  as  the  result 
of  mutations  of  ordinary  ants  following  exposure  to  radiation 
from  the  atomic  bomb  testing.  This  fret  is  not  known  at  the 
beginning,  of  course.  The  local  police  and  the  FBI  man  only 


know  that  people  are  showing  iq>  horribly  mutilated  and 
smelling  of  formic  acid;  there  is  also  a  strange  print  cast  from 
die  desert  sand  near  one  of  die  victims  that  no  one  is  able  to 
identify.  Sending  die  priittto  Washington  brings,  on  the  return 
fli^  the  stereotypical  absent-minded  professor  who,  with 
his  lovely  daugh^  (also  a  Ph.D.).  proceeds  to  investigate. 
The  fether  and  daughter  team  assemble  information  but  share 
absolutely  nothing  with  the  local  police  and  the  FBI  agent 
who  had  called  for  help  in  the  first  place.  The  reascm  for  dwir 
behavior  is  quickly  explained.  They  do,  indeed,  haveatheoiy. 
They  are,  in  fact,  qiecialists  on  ants,  and  fbrnuc  acid  stings 
are  evidendy  the  way  ants  kilL  However,  diey  are  duty-bound 
as  scientists  not  to  share  their  dieory  until  they  are  certain, 
even  though  giant,  man-killing  ants  may  be  multiplying  in  the 
desert  Why?  Because  it  might  cause  panic.  One  riught  think 
that  at  least  some  limited  contingency  planning  might  be  done 
on  the  basis  of  tentative  information,  but  apparently  diis  was 
not  the  prescription  for  scientific  behavior  in  the  early  19S0s. 

In  die  19k)s,  of  course,  we  are  expected  to  deal  with 
hazards  that  are  a  great  deal  more  subtle,  with  information 
that  is  less  complete  than  was  available  in  the  movie  about 
the  giam  ants.  By  today’s  standard  of  conduct,  the  two  scien¬ 
tists  in  die  movie  should  have  said,  "Incredible  as  it  seems, 
there  is  a  good  chance  that  somdiow  a  colony  of  giant  ants 
has  developed  out  there  in  die  desert.”  Pertups  they  would 
even  state,  "Based  on  the  way  that  print  looks  and  the  cir¬ 
cumstance  of  the  formic  acid,  we  think  there  may  be  an  80% 
chance  that  there  are  giant  ants  out  diere.  What  die  other  20% 
possibility  might  be,  we  can’t  guess,  but  we  give  the  ant 
pouibility  about  0.8." 

On  pain  of  usurping  the  autonomy  of  the  civil  authorities 
to  exercise  their  authority  in  representing  conununity 
valuefyolicy  preferences,  the  scientist  is  called  upon  to  dis¬ 
close  infomiation  of  potential  social  significance  while  it  is 
still  somewhat  uncertain.  Hopefully,  this  is  ckme  with  as  much 
attendant  communication  about  the  alternative  possible  states 
of  the  world,  and  the  implications  of  these  altenuuives,  as 
would  be  helpful  in  the  decision-making  process.  The  scien¬ 
tist  must  not  arrogate  the  sole  authority  to  make  the  relevant 
decisions.  By  withholding  information  on  possible  stales  of 
die  world  with  potential  implications  for  decision-making, 
the  scientist  wotild  be  doing  just  that 

A  Practicai  ExampI*  of  Uncaitainty  Analysis 

Over  the  past  few  years,  John  Froines  and  odiers  at 
UCLA  have  been  measuring  the  concentrations  of  a  number 
of  comaminants  in  two  potential  sources  of  drinking  water  for 
the  Qty  of  San  Diego: 

•  The  Miramar  reservoir  (MIRA),  which  contained 
chlorinated  water  derived  from  the  Colmado  River. 

•  The  output  of  an  advanced  water  treatment  (AWT) 
system  that  recycles  sewage. 

We  considered  three  different  sources  of  uncertainty  in  our 
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analysis: 

•  Uncertainty  as  to  which  pollutants  are  actually 
present  in  the  two  water  sources,  after  taking  into 
account  the  measurement  difficulties  encountered  in 
the  study  and  the  sensitivity  with  which  different 
chemicals  can  be  reliably  detected. 

•  Uncertainty  in  the  long-term  average  amounts  of 
each  carcinogenic  pollutant  present 

•  Uncertainty  in  the  potency  of  each  carcinogenic  pol¬ 
lutant  for  producing  cancer  in  humans,  i.e.,  how 
many  cases  of  cancer  should  be  expected  per  unit  of 
lifetime  average  consumption? 

The  combined  effects  of  uncertainties  of  the  latter  two  types 
for  ail  studied  contaminants  were  calculated  with  the  aid  of  a 
Monte  Carlo  simulation. 

In  a  Monte  Carlo  simulation,  the  combined  effects  of 
different  sources  of  uncertainty  are  assessed  by  randomly 
drawing  values  from  distributions  intended  to  represent  dif¬ 
ferent  uncertain  parameters  that  affect  risk.  For  example, 
imagine  that  we  are  uncertain  about  bodi  the  concentration  of 
a  pollutant  in  water  and  the  number  of  cases  that  might  result 
per  unit  cmicentration  (the  carcinogenic  potency).  For  each 
"trial"  of  a  Monte  Carlo  simulation,  a  value  is  randomly 
selected  from  1)  a  statistical  distribution  that  represents  our 
uncertainty  in  concentration  and  2)  another  statistical  dis¬ 
tribution  that  rqnesents  our  uncertain^  in  the  cancer  potency. 
Together  with  an  assumption  about  the  amount  of  water 
cotuumedper  day  or  per  lifetitne,  this  leads  to  aptediction  of 
the  cancer  risk  from  that  chemical  for  that  trial.  By  repeating 
this  procedure  for  hundreds  or  thousands  of  trials,  one  obtains 
a  picture  of  how  likely  it  is  that  the  cancer  risk  from  each 
chemical  might  take  on  various  values.  Calculations  of  over¬ 
all  risk  6om  multiple  chemicals  are  added  within  each  trial. 

We  chose  not  to  itKlude  in  our  first-cut  analysis  one  other 
uncertain  parameter  that  directly  bears  upon  the  risk:  the 
amount  of  water  that  people  consume.  All  calculations  were 
for  the  risk  expected  if  exposed  people  consumed  a  standard 
2  L  of  water  per  day  ftH’  their  entire  lifetimes. 

Which  Pollutants  Are  Actually  Present? 

For  the  most  part,  the  contaminants  that  were  considered 
to  be  present  in  each  water  system  were  those  that  were 
reliably  detected  utilizing  a  criterion  based  on  the  standard 
error  of  the  difference  between  the  long-term  average  con¬ 
centration  in  the  satrtpied  water  and  a  set  of  concurrent  "travel 
blanks."  In  our  final  analysis,  we  chose  to  depart  from  this 
procedure  in  one  case.  Arsenic,  as  it  happens,  dominates  the 
overall  risk  for  the  MIRA  water.  In  order  to  avoid  overstating 
die  difference  in  risk  that  tire  data  could  really  show  between 
MIRA  and  AWT  water,  we  chose  to  retain  arsenic  in  die 
AWT  calculations.  This  aUowed  us  to  illustrate  the  level  of 
risk  that  might  be  possible  from  AWT  water  if  arsenic  were, 
in  fact,  present  at  the  levels  indicated,  even  thou^  those 


levels  were  not  sufficient  for  reliable  detection  of  arsetuc  in 
AWT  water.  Thus,  the  way  we  analyzed  and  inesented  uncer¬ 
tainties  was  affected  by  die  type  of  intended  risk  comparison. 

Representing  Uncertainties  In  the  Concentrations 
of  Pollutants  In  the  Waters 

In  many  cases,  the  long-term  average  values  of  the  travel 
blanks  were  similar  in  order  of  magnitude  to  the  long-term 
average  values  of  the  AWT  and/or  MIRA  water  samples. 
Because  of  this,  the  best  expected  value  for  the  long-term 
average  concentrations  had  to  be  arrived  at  by  subtracting  the 
blank  averages  from  the  sample  avoages.  When  subtracting 
two  numbers  of  roughly  equal  size,  the  resulting  uncertainty 
is  likely  to  be  best  described  by  a  normal  distribution.  There- 
frxe,  our  basic  rejnesentation  of  uncertainties  in  the  con¬ 
centration  values  was  a  normal  distribution  with  a  standard 
deviation  calculated  from  the  standard  deviations  of  the 
blanks  and  the  sample  means. 

This  needed  to  be  modified  somewhat  because  it  made 
no  sense  to  allow  the  distribution  of  concentrations  to  take  on 
negative  values.  Therefore,  in  the  course  of  the  Monte  Carlo 
simulations,  wherever  a  negative  value  would  otherwise  be 
selected  from  the  normal  distribution,  we  instructed  the  com¬ 
puter  to  substitute  zero. 

Representing  Uncertainties  In  the  Carcinogenic 
Potency  of  Different  Cardnogens 

In  work  previously  conducted  for  the  National  Institute 
for  Occupational  Safety  and  Health,  we  performed  a  series  of 
three  case  studies  (perchloroethylene,  ethylene  oxide,  and 
butadiene)  incorporating  pharmacokinetic  modeling  of  the 
delivered  doses  of  putative,  genetically  acting  agents  or 
genetically  active  metabolites  to  improve  the  assessment  of 
likely  low-dose  carcinogenic  risks.^^^  One  of  the  innovative 
aspects  of  these  studies  was  attempts  to  make  "best"  (or  "least 
unlikely")  estimates  of  risk  in  addition  to  mote  usual 
"plausible  upper  limit"  estimates.  Table  I  summarizes  the 
basic  approaches  used  to  arrive  at  these  different  estimates  of 
risk.  Table  n  shows  the  basic  comparison  of  the  results  of 
these  mote  elaborate  analyses  to  the  results  of  more  standard, 
upper-confidence-litnit-only  risk  assessments  by  the  U.S. 
Environmental  Protection  AgeiKy’s  (EPA)  Carcinogen  As- 
sessmemGroiq). 

As  might  have  been  expected,  the  estimates  of  the  most 
likely  values  of  the  carcinogenic  risk  were  considerably 
below  the  plausible  upper  limit  values,  although  die  upper 
confidence  limit  estimates  of  canca*  potency  were  similar 
between  our  studies  and  those  of  EPA  (Table  II).  The  sum¬ 
mary  analysis  in  Table  in  indicates  that,  on  average,  the  "least 
unlikely"  estinnates  of  cancer  risk  in  these  studies  were  about 
7%  of  the  "plausible  upper  liniit"  risk  estimates.  The  lower 
portion  of  Table  in  shows  how  we  reasoned  further  from  this 
difference  to  obtain  a  likely  disbibution  of  cancer  potency 
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TABLE  L  AatumiMlom  for  DarivathM  of  "Ijint  UnWMiy"  and  "PtauaMa  Uppar  Umir  Canoar  PelMiey 
EaUmalaaforPutailvoQanaticallyActlnoAganla 

*L8aal  IMkaty*  Ealfcnalw 

•  "Baat  namaii.*  phyaiologicaly  baaad.  pharmaooMnMe  modaia  far  aalimalian  of  malaboae  adivalian  indMr  «ia 
pWliMinos  of  iKittv#  fiMiflboilw  in  Itw  systMfL 

•  C«praaaionol*da»varaddoaa*aaaWhaf1haamounfolac>iwamatabolllapar(bodyiaalght)**.alhalniafnalconcanaalion 
X  Mnia  product  of  lha  dkact'acanQ  apantfar  Infatapaciaaprojaclioni. 

•  Caleulalionar^naximuniil(ottwodaolimalaa*(MLE)flfthaoo«fflcianiaoflhainulliataoamodoiforiridMduaitun)oraHaa. 
aummad  far  alaltaa.  But  an  aaiumptlon  of  a  medaat  amount  of  background  intaradion  a  IrtroducadwtiaratiaMLE 
Inaar  tanna  (qia)  far  al  aMoa  ara  xaro  la  praduoa  a  Mia  loia-doaa  Inaar  tann. 

•  Caloufationofthaoaonialrlemaanofaxpactadlowdoaariakaapradictadbydatafromaayarimantaondaiarantapaciaa 
and  gandara  of  anknala. 

TtauaUa  Uppar  LMr  Eatimaioa 

mauaaaa  mgn-naa  praoKung  pnannaooiBnaBc  mooaw. 

•  E)ipraaiionofdalvaraddoaapar(body  waighQ^forlnlanpaciaaprojaciiona. 
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estimates  that  we  could  use  for  Monte  Cario  simulation 
analysis. 

We  began  with  a  basic  decision  to  treat  our  uncertainties 
in  this  parameter  as  lognotmally  distributed;  he.,  the  log¬ 
arithms  of  the  distribution  of  likely  cancer  potency  values  are 
nonnally  distributed,  as  is  illustrated  in  Hgure  1.  This  was 
because  in  our  judgement  the  different  sources  of  likely  error 
that  contributed  to  our  uncertainties  in  carcinogenic  risk  for 
individual  chemicals  (e.g..  the  relative  amounts  of  absorption 
of  toxicants  in  people  arxl  rodents;  relative  rates  of  elimina¬ 
tion  fitom  the  body;  rates  of  metabolic  activation  to  toxic 
metabolites;  atal  inactivation  to  safe  metabolites,  cell  rqtlica- 
tion,  and  DNA  repair  rates  in  animals  and  humans)  aU  will 
terxl  to  exert  relatively  independent,  multiplicative  effects  on 
the  level  of  likely  human  risk  relative  to  the  risk  inferred 
directly  from  animal  experiments  (which  are  the  source  of 
most  of  tire  cancer  potency  estimates).  The  consequence  of 
multiplying  together  a  series  of  uncertain  parameters  is  that 
the  reuilting  overall  uncertainty  will  tend  to  be  lognormal. 
This  is  because  1)  multiplying  a  aeries  of  uncertain  para¬ 


meters  is  the  same  as  adding  tiieir  logarithms  ud  2)  by  the 
“central  limit  theorem”  of  probability  and  statistics,  the  un¬ 
certainty  in  the  sum  of  a  large  series  of  uncertain  parameters 
takes  on  the  standard  “normal”  or  “Gaussian"  fcam. 

Given  the  choice  of  the  lognormal  form,  we  needed  to 
determine  how  likely  it  was  that  the  true  cancer  potency  for 
a  given  chemical  was  equal  to  or  above  the  EPA  “plausible 
upper  bound”  cancer  potency  factor.  It  is  important  to  under¬ 
stand  that  tile  EPA  values,  although  calculated  with  "conser¬ 
vative”  assumptions  that  are  expected  to  overstate  risk  most 
of  the  time,  cannot  be  expected  to  always  overstate  risk. 

•  For  example,  EPA  routinely  uses  the  most  sensitive 
species  tested  for  estimating  human  risk;  however, 
in  general,  where  only  two  other  species  are  tested 
(rats  and  mice),  there  is  nothing  to  prevent  humans 
from  being  more  sensitive  than  the  more  sensitive  of 
the  two  rodents,  at  least  for  some  modest  proportion 
of  ail  carcinogens. 

•  Standard  risk  assessment  procedures  tiiat  do  not  use 


TABLE  I.  CoRipariaom  of  RoMRi  of  PfnmiaeoldnatfO'Baaad  RWc  AiwIyMa  wWi 
EPA  Proloetleno  of  Low'Oooa  RMca  (oB  <Ma  in  Ufallmo  rlaka  for  occupational 
aiapoaurato1ppni,Bhoura<day,5dayofeiaaltfor46yaara) _ 


"Baal  *Plauai)ia 

(LaoatUnBkaly)  UpparUmit 

wfWniwii  cwnnw _ cspm>i> 

fIMOT  WDin  I^MnfWDORBlOTKHMMO  nHK  MflSyMS* 

CaiyBna  oidda  aooos  0.019 

BuMtana  7.9E-4  0.032 

ParoWoroaiiylana  a.7E-4  0.013 

RasuBs  9oni  Mora  Uawri  EPAXMO  nW(  Analyaaa  tom  Anbnal  Data: 

PhylanaQrida  Netdona*  a028 

■MMana  Netdona  OXM 

Perotilaroaaqflana  Netdona  0.0033 


“iBSpaelly,  a  bael  aoMmala  equivalent  to  a  MaNnw  dak  of  ai04  wee  caleuletod  trem  tae  obaarvad 
huaiw  Mkemlao  In  toa  I  le^dl  at  «<•  (lyo)  study.  TWe  la  a  canirN  tendency  aetonato  baeauea 
na  etodelleel  upper-esitodenea4nill  prooaduro  was  used  In  oonputellon. 
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TABLE  ■.  UneartaintiM  In  CMdnoqMiie  Risk  EsIknatM  ior  QMMtieatly  Acting  Agantt,  M  hnfirrsd  from 
ThPaoCaaaStudlaaofPBPIC^-BaaadRIakAnalyaaa _  _ 


Compound 

Hattis"B«st 

Estimata" 

Hattis 
"Plausibla 
Upper  Umir 

EPA  UCL® 

CPF^ 

HatfaBesU 
Hattis  UCL 
Ratio 

Hattis  BasU 
EPA  UCL 
Ratio 

Ettijftoneoxidt 

0.0066 

0.019 

2J0E-02 

0342 

0332 

BulTOtane 

0.00079 

0.032 

0.80E-02 

0.025 

0.008 

PeraNofoettiylsne 

0.00067 

0.013 

3306-03 

0.062 

0303 

Qaain.MMn 

0.076 

0.072 

OMffl.Std.Oev. 

3361 

6.703 

Geoffl.  Sid.  Err. 

^188 

2.900 

WwatmtawEPAUCL— Ilinat»olriakmippro«l«naniyaa6»picartllav«lua(1.64498tindaridavialionaabo»aa» 

madton).mdlfwafapfmamourunoartalntima8lognofnuiyd«Wbutadaboutaina<aama>lmaliatappforinMHIy0.072<nm 

fta^AUCL.Ihm1h>gaowmric«tandaiddaMaMonolftalognonnildnWbmionrtpfmfillnoouruncwtainlimi» 

4^93^ 

'nw'fs  ■  pnyvoioQKiiy  usMa  pnvnMOOKifMQC  rnooM* 

”1^  a  uppar  oonfldanm  Mntt. 

■  CflncBf  Doimcv  tedor. 


phamucokinetic  analysis  may  understate  risk  if.  as 
in  the  case  of  vinyl  chloride,  there  is  a  saturation  at 
high  doses  in  the  metabolic  activation  of  the  car¬ 
cinogen,  leading  to  a  plateau  at  high  doses  in  the 
percentage  of  animals  that  develop  tumors.  If  only 
die  two  highest  dose  points  had  been  available  for 
vinyl  chloride  (as  would  have  been  the  case  if  the 
vinyl  chloride  data  available  for  risk  analysis  had 
come  solely  from  the  usual  National  Toxicology 
Program  for  chronic  animal  bioassay),  the  low-dose 
slope  of  the  cancer  dose-response  relationship 
would  probably  have  been  underestimated  by  about 
fivefold. 

•  If  there  are  appreciable  differences  among  humans 
in  overall  individual  susceptibility,  as  there  seem  to 


be  in  many  specific  parameters  that  can  be  expected 
to  affect  susceptibility,  this  would  be  expected  to 
increase  the  population  risks  of  humans  exposed  at 
relatively  low-dose  levels  relative  to  what  would  be 
expected  for  a  completely  uniform  pt^Milation  of 
"median-susceptible'*  individuals.^*'*^  This  factor  is 
not  included  in  EPA’s  calculations,  but  it  can 
routinely  be  expected  to  increase  low-dose  popula¬ 
tion  risks  to  adiverse  community  of  humans  relative 
to  the  risks  of  the  relatively  uniform  groups  of  ro¬ 
dents  that  are  tested  at  high  doses. 

In  the  light  of  these  various  possibilities,  we  chose  to  treat  the 
EPA  upper  confidence  limit  (UCL)  cancer  potency  estimates 
derived  from  animal  data  as  the  95th  percentile  of  our  dis¬ 
tribution  of  uncertainties  in  cancer  potency.  As  listed  at  die 
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bottom  of  Table  m.  because  the  9Sth  petcentile  of  a  nonnal 
distribution  is  located  about  1.64  standard  deviations  above 
the  mean,  it  follows  that  a  lognormal  distribution  with  a  9Sth 
percentile  value  located  1/0.0724  »  13.8  times  above  the 
geometric  mean  must  have  a  geometric  standard  deviation 
about  4.93,  or  in  other  words,  the  standard  deviation  of  the 
logarithms  of  our  distribution  of  potency  values  is  the  log  of 
4.93.  or  about  0.6931. 

Figure  2,  which  is  a  replot  of  Figure  1  on  a  linear  axis 
rather  than  a  log  axis,  illustrates  some  importam  properties  of 
a  lognotmal  distribution.  It  can  be  seen  that  the  di^bution 
is  skewed  (is  asymmetrical  with  a  long  tail)  to  the  right 
Because  of  the  asymmetry,  the  single  most  likely  value  (or  as 
we  prefer  to  term  it  the  "least  unlikely"  estimate)  is  not  an 
unbiased  estimate  of  the  average  or  mean  value  of  the  dis* 
tribution  as  a  whole.  If  one  were  doing  a  classic  cost-benefit 
assessment  of  various  options  for  control  of  exposure,  it  is  the 
mean,  rather  than  the  moat  likely  value,  dw  is  the  most 
relevant  parameter  for  describing  the  "expected  value”  of  the 
health  improvements  that  might  be  obtained  from  the  choice 
of  one  control  option  over  another.  The  mean  of  the  distribu¬ 
tion  is  the  average  of  all  the  potency  values,  weighted  by  their 
relative  probability  of  being  true  (at  least  as  represented  by 
our  lognotmal  assumption).  This  was  completely  missed  in  a 
recent,  highly  controversial  critique  of  EPA  risk  assessment 
pnctices  by  the  Federal  Office  of  Management  and 
Budget^*^ 

The  diffierenoe  between  the  mean  and  the  most  likely 
value  can  be  iUustnted  with  a  gambling  analogy.  Imagine  thtt 
a  person  has  the  opportunity  to  participate  in  a  lottery  at  a  cost 
of  S1.00  wMi  a  I/IOXXX)  chance  of  winning  SlOOjOOO.  The 


single  most  likely  value  of  the  return  fiom  this  wager  is  zero, 
because  there  are  9999  chances  of  losing  and  only  1  chance 
of  winning.  However,  the  mean  or  expected  vidue  of  die 
wager  is  $10.00  ($100,000  •  1/10.0004-$0  •  9.999/104X»). 
Cavtat.  the  "utility”  of  the  wager  to  a  specific  person  could 
be  greater  or  less  than  $10.00,  depending  on  the  person’s 
positive  or  negative  enjoymem  of  the  gamUe  itself,  and 
whether  $10,000  is  worth  exactly  10,000  times  $1.00  in  the 
person’s  own  psyduc  calculus  of  value. 

Overall,  as  seen  in  Figure  2,  the  mean  of  die  lognormal 
distribution  we  have  used  as  our  best  estimate  of  our  uncer¬ 
tainty  in  cancer  potencies  is  about  3  J  times  greater  than  die 
most  likely  value,  or,  in  other  terms,  a  little  more  than  23% 
of  the  original  EPA  UCL.  Thus,  if  our  sparse  set  of  duee  case 
studies  is  giving  us  an  accurate  picture  of  the  general  uncer¬ 
tainty  in  cancer  poteicy  estinuttes,  and  if  die  odier  assump¬ 
tions  we  have  made  hold,  the  best  expected  value  of  cancer 
risk  is  only  about  fourfold  less  than  die  EPA  UCL.  What  is 
our  uncertainty  in  the  original  7.2%  ratio  that  was  the  result 
of  our  three  case  studies,  and  how  would  differences  in  dus 
ratio  affect  our  conclusion  that  a  mean  estimate  of  risk  is  only 
fourfold  less  than  the  EPA  UCL?  Conceivably,  other  car- 
ciiiogens  (perhaps  some  that  do  not  act  by  direct  genetic 
mechanisms,  e.g.,  23.7.8-tetiachlotodibenzodioxin)  would 
have  larger  differences  between  a  best  estimate  of  cancer  risk 
and  die  EPA  UCL.  Figure  3  shows  the  result  of  assuming  a 
wide  array  of  diffteent  ratios  for  the  7.2%  best  estimate  from 
our  three  case  studies,  keeping  all  of  die  rest  <rf  die  reasoning 
constant  It  can  be  seen,  suipristngly.  that  as  one  increases  the 
distance  between  the  UCL  and  the  best  estimate  of  potency 
much  below  about  6.7%,  die  ratio  of  the  mean  to  the  UCL 
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Ratio  of  MLE/EPA  UCL  CPF 


FIGUltE  3.  Infhieiice  of  ibe  MLE/CFF  mio  on  the 'eicpected  valne' (meM) 
of  a  tofnanml  duttibution  of  cnoer  potency  tenon  (CPF>. 


staits  to  rise.  This  is  because  one  necessarily  increases  the 
estiinate  of  the  geometric  standard  deviation,  and  below  about 
the  6.7%  point  in  the  curve,  the  small  but  increasing 
likelihood  of  very  large  risks  (far  over  the  UCL)  begins  to 
outweigh  the  reduction  of  risk  in  the  central/lower  portion  of 
the  curve  in  the  calculation  of  the  overall  meatL 

A  final  and  difficult  point  of  methodology  comes  when 
we  consider  the  small  number  of  carcinogens  (e.g.,  arsenic, 
benzene)  whose  cancer  potency  estiiiuues  are  based  on 
human  epidemiological  data  by  EPA,  rather  than  on  animal 
data.  Because  EPA  estimates  from  human  data  are  effectively 
maximum  likelihood  estimates,  in  these  cases,  we  must  take 
the  EPA  cancer  potency  value  itself  as  our  best  estimate  of 
risk.  In  the  first  sinuUations,  however,  we  have  elected  to 
retain  the  same  estimate  of  overall  uncertainty  as  we  use  for 
the  animal  data.  This  is  partly  because,  although  the  human* 
based  estimates  do  not  suffer  firom  the  difficulties  and  uncer¬ 
tainties  inherent  in  aitimal-to-human  projections,  they  have 
their  own  peculiar  difficulties  (especially  related  to  the  ac¬ 
curacy  of  the  assessment  of  past  individual  exposures,  the 
healthy  worker  effect,  the  effects  of  truncation  of  the  period 
of  observation  following  exposure,  and  the  assessment  of  the 
interacting  effects  of  potentially  confounding  exposures). 
These  difficulties  may  often  cause  complicatiotu  and  even 
downward  biases  that  are  tt  serious  as  those  produced  in  the 
extrapolation  of  animal  data.  Because  of  the  importance  of 
arsenic  (whose  cancer  potency  is  bated  on  human  data)  in  our 
overall  analysis,  diis  particular  judgment  seriously  influences 
the  risk  estitnates  below.  We,  therefore,  also  present  below 
the  results  of  a  aeries  of  Monte  Carlo  simulation  tuns  in  which 
we  assume  diat  there  is  no  uttcertainty  about  the  EPA  estimate 
of  the  cancer  risk  from  inorganic  arsenic. 

Tables  IV  and  V  give  the  Monte  Carlo  simulation  results 
with  and  without  the  assumptian  of  uncertainty  in  the  arsenic 
cancer  potency  value.  The  Monte  Carlo  simulations  were 


done  using  "Crystal  Ball"  simulation  software  (Version  1.04, 
Maiket  Engineering  Coiporatioo,  Denver,  Colorado)  for  the 
Macintosh.  Each  run  consisted  of  SOOO  individual  trials. 
Shown  in  these  tables  are  the  median,  the  mean,  and  the  95th 
percentiles  of  the  calculated  risk  distributions  for  each  chemi¬ 
cal  sqxuately,  for  some  aggregates  of  differem  chemicals, 
and  frir  the  total  risk.  The  median  is  simply  the  middle  value 
of  each  distribution  of 5000  values  which,  if  our  assumptions 
are  correct,  has  a  50%  chance  of  being  either  larger  w  smaller 
than  the  true  risk.  The  mean  is  the  average  of  all  5000  values. 
Finally,  the  95th  percentile  (the  average  of  the  250th  and  the 
25Ist  highest  of  5000  values)  is  the  level  of  risk  which,  if 

we  have  represettted  all  of  the  uncertainties  ai^nopriatdy,  has 
only  a  5%  chance  of  being  smaller  than  the  true  risk.  (The 
differettces  in  specific  quantities  that  should  be 
analogous  in  these  two  tables  are  due  to  statistical  fluctuations 
in  the  results  obtained  in  sqtarate  runs  of  5(X)0  trials  each.) 
Gxnparing  the  results  in  the  two  tables,  it  can  be  seen  that  die 
assumption  of  ’  ncertainty  in  the  arsenic  potency  has  a  sub¬ 
stantial  influence  both  on  the  mean  and  high-percentile  es¬ 
timates  of  the  risk  and  on  the  overall  uncertainty  of  the  risk 
results,  i.e.,  the  spread  between  the  median  and  95th  percen¬ 
tile  risks. 

These  tables  give  a  glimpse  of  what  might  be  expected 
if  the  "brave  new  worid"  of  expanded  use  of  Monte  Carlo 
simulation  for  analysis  of  uncertainties  ever  arrives.  One  may 
well  ask  how  one  discusses  the  risk  management  implications 
of  findings  such  as  these.  In  presenting  our  work  to  the 
sponsors,  we  offered  the  following  interpretive  conclusions: 


"Overall,  the  risk  analysis  presented  here  gives  some 
reason  for  concern  for  the  long-term  use  of  the  MIRA 
(taw  Colorado  River)  water  supply,  at  least  to  the 
degree  that  the  concentrations  we  measured  in  the 
reservoir  samples  accurately  represent  what  is  likely  to 
be  present  in  the  finished  water  delivered  to  consumers. 
The  overall  mean  estimate  of  lifetime  risk  from  2  L/dav 
consumption  is  about  3  cancers  per  10.(X)0  people.^ 
About  98%  to  99%  of  this  risk  is  derived  from  the 


presence  of  inorganic  arsenic;  trihalomethanes  from 
chlorination  represent  the  bulk  of  the  remaining  as¬ 
sessed  carcinogenic  risk.  (The  concentration  of  arsenic 
in  MIRA  water  is  well  within  applicable  federal  and 
state  standards;  however,  at  least  at  the  state  level,  the 
arsenic  water  standards  are  in  the  process  of  being 
reevaluated.) 


"Our  overall  MIRA  risk  estimate  is  significantly 
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TABLE  IV.  RmuHs  Of  a  llonit  Cwlo  atauMlon  Run  (8000  IndMdual  Trials) 
of  Ufsihns  Canear  Risks  ftom  2  L/Oay  VMar  Conaumplion — Aaauaning 
that  Itia  Unoaitainfv  ki  fhaCaiiBar  PManovof  Amanie  la  itiaSMiaaB  tha 

mmowBUy  NO  HIV  i^mioj  OT  wiiMa  wvraviogsiiv 
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TABLE  V.  Raaults  Of  a  MoMa  Cario  Sknulatian  Run  (8000  IndMdual  Trials) 
of  Ufaffmo  Canear  Risks  from  2  UOay  Walor  Consumption — Assuming  that 
tItarolaMoUncartaIntyInthaCancarPolwtcyof  Araanlc^ _ 
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dqmdent  on  an  innovative  procedure  we  used  to  as¬ 
sign  uncertainties  to  cancer  potency  esdmates  from 
both  human  data  (e.g.,  arsenic)  and  animal  projections, 
as  well  as  our  analytkai  uncertainties  in  the  average 
amounts  of  contaminants  ptesem.  If  the  human-derived 
arsenic  cancer  potency  value  is  treated  as  a  point  es¬ 
timate —  having  no  uncertainty  —  die  estimate  of  die 
mean  risk  for  the  MIRA  water  falls  to  0.9  cancers  per 
10,000  people.^  (The  mean  risk  estiinate  falb  when 
uncertainty  is  removed  fiom  the  calculation  because 
the  uncertainty  distribution  b  assumed  to  be  highly 
skewed  (see  Ingure  2)  widi  a  mean  that  is  considerably 
larger  than  the  single  most  likely  value.)  Regardless  of 
which  of  these  estimates  is  deemed  most  appropriate 
for  policy-making  purposes  by  die  City  of  ^  Diego, 
the  indicated  ruk  b  not  negligible  (un^  California’s 
Proposition  63  standards,  the  criterion  for  a  de  minimb 
risk  is  0.1  conservatively  estimated  cancers  per  10,000 
people),  although  it  b  not  as  large  as  the  largest  en¬ 
vironmental  risks  that  have  been  identified  to  date  (e.g., 
lung  cancer  from  radon  progeny  in  houses  and  horn 
environmental  tobacco  smoke). 

"By  contrast,  the  water  that  we  sampled  from  the 
AWT  system  does  not  have  enough  arsenic  to  be  reliab¬ 
ly  detected.  Nevertheless,  our  risk  calculations  indicate 
that  even  if  we  make  the  assumption  that  arsenic  is,  in 
fact,  present  at  leveb  that,  due  to  analytical  insen¬ 
sitivities,  might  be  present,  the  AWT  water  poses  a 
mean  risk  that  b  tenfold  lower  than  the  MIRA  water.  If 
we  base  the  risk  assessmem  fOT  the  AWT  water  only  on 
those  chemicab  that  were  •eliably  detected,  the  indi¬ 
cated  mean  estimate  of  lifetime  risk  b  sUghdy  less  than 
1  cancer  per  1  million  people." 

Conclusions  and  CavMts 

The  extended  example  above  illustrates  that  it  b  possible 
to  provide  some  expanded  insight  into  the  range  of  "not 
clevly  incorrect  answers”  for  risks,  taking  into  accoum  mul¬ 
tiple  sources  of  uncertainty,  and  without  a  great  deal  more 
work  than  b  usually  done  in  more  conventional  "screening”- 
type  risk  analyses,  such  as  those  currently  done  for  Superfiind 
sites.  Of  course,  the  present  analysb  could  have  benefited 
from  a  fisr  more  systematic  study  of  uncertainties  for  in¬ 
dividual  cancer  potencies  in  the  li^  of  specific  toxicological 
information  for  particular  chemicals,  a  more  adequate  repre¬ 
sentation  of  the  delivered  dosage  of  water  containv.iants  due 
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to  multiple  routes  of  exposure  from  water  (e.g.,  dermal, 
inhalation),  and  some  other  foctors.  Nevertheless,  we  feel  that 
thb  level  of  analysb  does  offer  some  improvemems  in  the 
information  provided  to  decbion-makos  ^  a  modest  incte- 
mem  in  analytical  efforts. 

Of  course,  no  analysb  of  the  combined  effects  of  multi¬ 
ple  sources  of  uncertainties  can  be  better  than  the  accuracy  of 
the  individual  estimates  of  component  uncertainties  that  are 
fed  into  the  simulation.  Arriving  at  tqipropriate  descriptions 
of  these  component  uncertainties  b  by  no  means  a  trivial  task. 
In  thb  regard,  we  have  previously  offered^’*^  three  tongue- 
in-cheek  "bws"  of  unceitaintyArariability  analysb  that 
should  inject  a  final  note  of  the  need  for  due  skepticism  here. 

1.  Nearly  ail  distributions  look  lognormal,  as  long  as  you  do 
not  look  too  closely.  (One  is,  therefore,  well  advised  to 
reason  carefully  about  the  likely  causes  of  uncertainty  or 
variability  in  specific  parameters  and  whether  thb  sug- 
gesb  a  particular  distribution  b  appropriate.) 

2.  Any  estiinate  of  the  uncertainty  of  a  parameter  value  will 
always  itself  be  more  uncertain  than  the  estimate  of  the 
parameter  value.  (For  example,  fluctuations  in  individual 
data  points  will  generally  have  a  greater  influence  on  the 
estiinate  of  a  standard  deviation  than  on  the  estimate  of  the 
mean  of  the  patam^er.) 

3.  The  application  of  standaid  statistical  techniques  to  a 
single  data  set  wiU  nearly  always  reveal  only  a  trivial 
proportion  of  the  overall  uncertainty  in  the  parameter 
value.  (This  b  because  systematic  error  among  data  sets  is 
generally  much  larger  than  random  error  within  data  sets.) 
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Risk  assessment  is  often  used  to  evaluate  the  need  tor, 
and  the  potential  effectiveness  of,  remediation  of  chemical 
contamination.  Estimating  the  potential  residuai  risk  from 
polychtorinated  biphenyls  (PC8s)  may  involve  more  complex 
issues  than  many  other  chemicals:  the  presence  of  more 
decision  points  in  a  risk  assessment  results  in  more  potential 
for  variation  among  the  analyses  performed  by  different 
people.  For  example,  the  toxicity  of  PCBs  is  known  to  vary  with 
composition,  but  methods  tor  estimating  the  toxicity  of  these 
complex  mixtures  tor  dHtorent  toxicity  endpoints  are  controver¬ 
sial.  Changes  in  composition  of  the  mixture  with  time,  medium, 
and  place  of  exposure  may  also  significantly  altar  the  toxicity 
and  concomitant  risk.  In  addition,  some  of  the  more  interesting 
potential  routes  of  exposure  (a.g.,  contact  with  contaminated 
surfaces)  may  be  estimated  using  a  variety  of  models  and 
assumptions,  resulting  in  substantially  dHfermt  assessments 
of  exposure  and  risk.  Although  various  complex  factors  should 
be  considered  in  the  risk  assessment,  simple  models  should 
also  be  used  to  estimate  an  upper  bound  on  risk  to  ensure  that 
a  concatenation  of  conservative  assumptions  do  not  result  in 
impossiile  sHuatiorts  (e.g..  predicting  exposure  to  more  PCBs 
by  one  or  several  routes  thw  wore  available  tor  the  exposure 
ihat  was  estimated). 

Introduction 

Documents  on  risk  assessment  techniques,  guidance 
manuals,  and  vulues  for  assumptions  are  numerous,  ^ientists 
involved  with  risk  assessment  of  certain  chemicals,  including 
polychlorinated  biphenyls  (PCBs),  fve  an  additional  abun¬ 
dance  of  references  on  the  particular  properties  and  concerns 
of  those  chemicals.  As  it  is  impossible  to  cover  all  aspects  of 
risk  assessment  of  PCBs  in  any  short  paper,  this  discussion 
will  focus  on  three  issues:  1)  differences  in  the  toxicity  of 
various  PCB  mixtures;  2)  changes  in  the  composition  of  a 
]>articular  mixture  of  PCBs  as  a  function  of  time,  location,  and 
medium;  and  3)  necessity  of  "reality  checks"  on  risk  assess¬ 
ments,  especially  involving  PCBs,  as  illustrated  by  PCB-con- 
tamiiutfed  surfs^ 

Toxicity  of  PCB  MIxturoo 

Evaluation  of  the  toxicity  of  PCBs  is  complicated  by  die 
historical  practice  of  testing  PCBs  as  mixtures,  primarily  the 
tammercially  available  mixtures.  Although  in  recent  years 


some  of  the  individual  isomers  have  been  examined  fw  mcm 
than  their  ability  to  bind  to  receptors  or  induce  «izymes,^’~^^ 
many  of  the  toxicity  studies  that  form  the  basis  for  risk 
assessments  of  human  healdi,  including  all  of  the  human 
exposure  and  epidemiology  studies,  have  evaluated  mixtures 
of  PCBs. 

Differences  in  approach  to  the  evaluation  of  mixtures  of 
families  of  closely  related  chemicals  by  regulatory  agencies, 
specifically  the  U.S.  Environmental  Protection  AgeiKy 
(^A),  will  be  more  completely  discussed  in  a  separate 
report.  Briefly,  EPA  generally  dora  not  use  composition  of  a 
particular  PCB  mixture  to  differentiate  the  potential  for  that 
mixture  to  cause  adverse  effects,^^^  despite  the  known  dif¬ 
ferences  in  toxicity  of  commercially  purchased  mix- 
tures.OJ-« 

How  much  can  diis  regulatory  policy  affect  the  estima¬ 
tion  of  risk?  Consider  that  for  the  individual  isomers  of  a 
similar  group  of  closely  related  compounds,  polychlorinated 
dibenzo-fMlioxins,  the  carcinogenicity  of  individual  isomers 
is  assum^  to  vary  by  over  10,(XX)-fold,  and  some  are  con¬ 
sidered  noncarcinogens  for  purposes  of  regulatory  risk  as¬ 
sessment^  The  cost  of  a  10,(XX)-fold  more  extensive  re¬ 
mediation  would  be  enormous. 

What  other  options  are  available  for  evaluating  toxicity 
of  a  mixture  of  PCBs?  Where  a  commercial  mixture  has  been 
tested  for  a  particular  toxic  endpoint  those  data  could  be  used 
for  risk  assessment  of  that  (or  a  very  similar)  mixture.  En¬ 
vironmental  exposure,  however,  may  be  to  PCB  mixtures  that 
differ  significantly  from  commercial  mixtures.  Insuchcases, 
toxicity  has  often  been  estimated  by  comparison  with  the 
most  similar  commercial  PCB.  When  a  mixture  is  negative 
(or  untested)  for  a  particular  toxic  endpoint,  however,  it 
should  not  necessarily  be  assumed  that  this  mixture  has  the 
same  toxic  properties  as  other  mixtures.  Data  from  several 
mixtures  and  individual  isomers  clearly  demonsti^  diat  not 
all  PCBs  are  equally  toxic  for  each  endjxiint.^*'^^'^^  When  an 
uiMBSted  mixture  has  some  of  the  same  isomers  as  a  mixture 
that  is  positive  for  a  particular  endpoint,  prudence  may  dictate 
an  estimation  of  what  could  be  an  adverse  outcome  of  ex¬ 
posure  if  the  toxic  properties  of  the  untested  mixture  were 
similar  to  dx>se  of  the  tested  mixture.  This  assumption  of 
ability  to  produce  similar  adverse  effects,  however,  must  be 
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cleariy  presented  not  only  in  the  hazard  identification  stq>  of 
the  risk  assessment  but  also  in  aU  subsequent  steps  of  the 
evaluation.  Risk  esrimates  from  analyses  that  assume  similar 
toxic  effects  among  mixtures  of  closely  related  chemicals 
should  be  clearly  differentiated  from  thoM  diat  have  ptimaiy 
data  to  be  considered  in  the  hazard  evaluation  step  of  their 
risk  assessment 

For  some  toxic  endpoints,  data  are  available  to  examine 
the  ability  of  predictive  models  based  on  mixture  composi¬ 
tion.  EPA^^  is  currently  examining  a  method  based  on 
toxicity  equivalence  factors  (TEFs)  for  estimating  the  com- 
paiative  potency  of  PCBs.  As  will  be  discussed  in  a  separate 
report  however,  TEFs  based  on  engine  induction  similar  to 
2,3,73-tetrachlorodibenzo-fKlioxin  do  not  appear  to  corre¬ 
late  with  one  endpoint,  i.e.,  carcinogenic  potency.  Methods 
for  extrapolating  information  on  the  relative  carcinogenic 
potency  of  commercial  mixtures  of  PCBs,  for  example,  tw 
percentage  of  chlorinatioft  have  also  been  considered.^^ 
Such  an  approach  has  the  advantage  of  directly  incorporating 
the  available  data  from  cancer  bioassays  but  the  disadvantage 
of  not  including  differences  in  isomer  toxicity  (as  all  equally 
chlorinated  isomers  are  assumed  to  be  equivalently  car¬ 
cinogenic). 

Exposuf*  to  Mlxturat  of  PCBs  in  ths  Environment 

assessing  the  relative  toxicity  of  commercial  PCB 
mixtures  for  all  significant  endpoints  were  sufficient  to  char¬ 
acterize  the  potential  hazards  from  exposures  to  PCBs,  die 
task  would  be  large  but  finite.  In  the  environment,  however, 
the  composition  of  PCBs  changes  with  time,^^’*^’^*^  thus 
affecting  die  relative  risk  of  the  relevant  exposure.  In  dns 
discussion,  two  additional  complications  will  be  considered: 
1)  changes  in  the  composition  by  route  of  exposure  and  2) 
decisions  on  which  routes  of  exposure  should  be  combined 
for  a  risk  assessment  of  any  (hypothetical)  individual. 

Consider,  for  exarrple,  PCB-contaminated  soils.  When 
modeling  volatilization  of  PCBs  from  the  soil,  the  Henry’s 
Law  constant  or  vapor  pressure  for  each  PCB  mixture  or 
isomer  can  be  used  to  estimate  release  into  the  air.  These 
constants  can  vary  by  approximately  lO-fokL  with  die  less 
dilorinated  PCBs  more  lil^y  to  enter  the  air.^^*^  Similarly, 
soil  can  act  like  a  chromatography  column  for  PCB  mix- 
tuies.^'^^  Under  the  conditions  modeled  by  Andrews  and 
Hathaway the  first  PCBs  (in  diis  case,  dichlorobiphenyls) 
to  teach  the  receptor  through  groundwater  will  be  the  less 
chlorinated.  Dermal  contact  with,  or  ingestion  of,  the  PCBs 
that  remain  in  the  soU,  therefore,  must  be  to  a  comparatively 
higher  chloriruted  mixture.  Thus,  the  relative  potency  of  the 
PCB  mixture  by  inhalation,  contact  widi  groimdwater,  and 
contact  with  soil  may  differ.  A  risk  assessment  that  simply 
sums  the  PCB  exposure  by  aU  of  these  routes  will  not  reved 
die  potential  differences  in  toxicity  of  PCB  mixtures  that  vaiy 
in  oooqiositioa  by  medium  and  route  of  exposure. 


Exposure  to  PCBs  in  groundwater  modeled  by  Andrews 
and  Hathaway  illustrates  aiuMher  consideration  for  risk  as¬ 
sessments  of  PCBs.  Not  only  did  they  find  that  the  PCB 
mixtures  were  quite  unlike  commercial  mixtures  when  the 
PCBs  reached  the  receptors,  but  for  some  conditions 
modeled,  exposure  would  first  occur  centuries  in  the  future. 
Again,  even  when  estimating  the  risk  to  a  dieoreticaL  maxi¬ 
mally  exposed  individual  (MEI),  it  may  not  be  appropriate  to 
combine  some  routes  of  exposure  (e.g..  current  iiihalation  of 
volatilized  PCBs  and  subsequent  contact  with  contaminated 
groundwater).  Moreover,  if  the  less  chlorinated  isomers  enter 
the  air  for  an  extended  period  of  time,  would  there  still  be 
sufficient  dichlorobiphmyls  to  substantially  contaminate 
groundwater,  or  would  significant  exposure  to  PCBs  via 
groundwater  be  even  more  delayed  because  the  majOTity  of 
the  dichlorobiphenyls  entered  the  air?  Even  for  showtime 
periods,  if  die  direction  of  groundwater  flow  and  prevalent 
wind  direction  ate  in  opposite  directions,  it  may  not  be 
realistic  to  combine  these  exposures  for  even  the  MEL  The 
need  for  an  accurate  accounting  of  the  material  present  is  the 
focus  of  the  example  in  the  next  section. 

PCBs  on  Surfaces:  Maas  Balance  and  Other 
Reality  Checks 

Risk  assessors  may  become  so  involved  with  the  com¬ 
plexities  of  their  endeavor  that  they  may  fail  to  notice  when 
their  calculations  have  exceeded  a  simple  appraisal  by  com¬ 
mon  sense.  Good  environmental  risk  assessors,  therefore, 
should  examine  die  "forest”  as  well  as  the  "trees." 

Consider  a  risk  assessment  of  PCB-contaminatei  sur¬ 
faces.  In  general,  two  major  exposure  pathways  are  con¬ 
sidered  for  this  situation:  dermal  contact  with  contaminated 
surfaces  and  inhalation  of  volatilized  chemical.  This  example 
is  instnictive  because  it  not  only  involves  some  of  the  issues 
in  risk  assessment  of  PCBs  discussed  above  but  also  because 
h  includes  other  assumptions  of  interest,  since  contact  widi 
surfaces  is  a  less  well-studied  exposure  pathway.  Only  chemi¬ 
cals  such  as  PCBs  that  can  persist  on  surfaces  would  be 
considered  for  this  exposure  j^way,  with  the  excqition  of 
acute  exposures. 

A  very  conservative  risk  assessment  might  assume  that 
vaporization  rates  for  all  PCBs  are  as  hi^  as  the  most  volatile 
component  and  that  levels  of  PCB  remaining  in  the  surface 
material  are  as  high  u  the  most  hydrophobic  constituent  If 
such  assumptions  are  used  and  an  extended  duration  (e.g..  a 
lifetime)  is  also  assumed,  the  risk  assessment  that  results  from 
the  modeling  exercise  may  not  only  assume  that  an  inap¬ 
propriate  mixture  of  PCBs  would  be  presem  for  exposure  1^ 
a  given  route  (baaed  on  the  physical-<hemical  properties  of 
different  isooien  of  PCBs  discussed  above)  but  may  also 
assume  exposure  to  more  PCBs  than  were  available  during 
the  time  of  eiqiosurB. 

Such  an  outcome  mqr  originate  from  mai^  assumptions. 
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For  example,  some  of  the  simpler  hue-and-tiaiispoit  models 
assume  an  infinite  source  of  the  contamination,  whereas  the 
actual  source  of  contamination  may  be  exhausted  in  less  time 
dian  the  duration  modeled.  Although  these  problems  may 
occur  for  other  chemicals,  die  cond>ination  of  the  persistence 
of  PCBs  in  the  environment  and  conservative  assumptions 
and  models  that  may  overestimate  the  transfer  of  PCBs  be¬ 
tween  media  tend  to  exaggerate  the  problem. 

Before  dismissing  conservative  modeling,  however,  it 
should  be  reccignized  that,  under  certain  conditions,  use  of 
multiple  conservative  assumptions  may  be  appropriate.  For 
example,  conservative  assumptions  for  each  exposure  path¬ 
way  could  be  used  to  ensure  tto  exposure  by  no  one  pathway 
is  underestimated  and  could  result  in  an  unacceptable  risk. 

Risk  assessments  for  various  routes  of  exposure  using 
such  assumptions,  however,  should  not  be  added  without 
ensuring  (at  a  minimum)  that  the  total  exposure  of  the  MEI 
does  not  exceed  the  amount  of  chemical  available  for  that 
duration  of  exposure. 

A  critical  consideration  in  the  potential  for  exposure  to 
PCBs  contaminating  surfaces  is  die  "ink  pad"  effect  This 
paradigm  comprises  several  useful  concepts.  Hrst  it  assumes 
a  reservoir  of  chemical  that  will  become  available  over  time. 
Second,  the  concepts  of  transfer  of  PCB  from  contaminated 
surfaces  to  skin  and  fipom  the  then  PCB-covered  skin  to  clean 
surfaces  (with  analogy  to  an  ink  stamp)  are  both  included. 
Third,  the  possibility  of  exhausting  the  reservoir  of  PCBs, 
either  temporarily  or  permanently,  is  introduced.  Fuially, 
similar  to  an  ink  pad  drying  out  with  prolonged  exposure  to 
air,  changes  in  composition  of  the  chemical  mixture  in  the 
'eservoir  and  variations  in  the  effectiveness  of  the  source  to 
transfer  the  mixture  due  to  volatilization  and  the  potential  for 
exposure  to  PCBs  in  air  are  iiKluded. 

The  extent  to  which  the  contaminating  chemical  is  in  a 
reservoir  (Table  I)  can  dramatically  affect  the  exposure  as¬ 
sessment  portion  of  the  risk  assessment^  If  all  of  the 
chemical  is  in  a  very  thin  layer  on  the  surface  and  the  room 
has  a  reasonable  air  exchange  rate,  standard  models  will 
piedict  that  most  of  the  chemical  will  be  volatilized  and 
removed  horn  the  room  within  hours  or  days.  If  all  of  the 

TABLE  L  Some  of  the  Peetora  Affecting  Dermal 
Expoaure  to  PCBe  ki  a  Reaarvoir  In  Welle  and 
Other  Sorfecee 

Amount  of  PC8a  avaiabio  tor  otoxiaura  par  day  dapanda  on: 

•  Amount  of  PC8a  dHlUatog  to  lha  aurfaoa. 

'>  ParoanfvaiaWzingtnom  aurfaoa  Mo  air. 

•  HadapoaHton  to  aurfaoa  from  atdn  or  air. 

•  Ramoval  from  room  by  thabuHdbig’a  air  axciwjigo 
or  on  atdn,  i.a.,  parson  leaving  room. 

Amount  of  PC8a  avalabfa  for  argioaure  par  (worfdng)  Natfma 
dapanda  on: 

•  Total  maaa  of  PC8a  in  budding. 

•  ParmaabiiHy  of  raaarvoir  matariai.  I.a..  amount  that 
raachaa  aurfaoa  par  (wortdng)  Hfalima. 


TABLE  K.  Some  Activity-Baaed  Expoaure 
Aeeumptione  (The  "Ink  Pad"  Effect) 

Types  of  acdvitiaa  that  raauK  in  contact  with  surfaoaa. 

•  Amount  of  atdn  in  contact  «Mlh  aurfaoa  tor  each 
type  of  activity. 

•  Number  of  contacts  with  PCB-contaminatod  aurfacos. 

•  Numbar  of  contacts  with  unoontaminalod  surfaces 
or  number  of  timaa  atdn  is  washed. 

•  Paroant  of  PCBs  fransfanad  par  contact  (PCB-ooatad 
surface  to  atdn;  PCB-ooatad  akin  to  dean  surfaco). 

•  Coocantraltoncf  PCBaonavailabtaappreprialo 
aurfsca  tor  each  modatad  activity. 


PCBs  are  not  on  the  surface,  the  rate  at  which  tiiey  migrate  to 
the  surface  must  be  evaluated,  and  exposure  may  be  for  a 
longer  duration. 

Modeling  PCB  migration  to  the  surface  requires  addi¬ 
tional  data  (or  assumptims)  and  adds  additional  uncertainty 
to  the  risk  assessment  A  determination  (or  assumption)  that 
only  a  small  pottion  of  the  PCBs  are  available  on  the  surface 
during  any  time  period,  however,  limits  the  total  amount  of 
exposure  by  all  routes  for  that  time  period.  Thus,  it  may  be 
reasonable  to  assume  that  all  the  surfaces  do  not  have  a 
constant  concentration  (i.e.,  an  unlimited  source)  of  PCJs. 
Similarly,  the  PCBs  available  on  contaminated  surfaces  must 
be  apportioned  between  dermal  exposure  and  inhalation  ex¬ 
posure  after  volatilization  from  surfaces.  Although  a  mass- 
balance  check  (total  available  PCBs  versus  totad  PCBs  from 
all  routes  of  exposure)  would  seem  to  be  an  obvious  proce¬ 
dure,  its  implementation  may  be  complex,  and  it  is  frequently 
absent  horn  analyses. 

Within  the  constraim  of  the  mass  of  PCBs  that  are 
available  during  a  specific  time  period,  volatilization  can  be 
modeled  by  various  techniques.  When  the  concentration  in 
the  air  has  been  predicted  (by  either  a  dynamic  or  static 
model),  exposure  to  an  individual  can  be  estimated  using  a 
series  of  assumptions,  although  sometimes  controversial,  that 
are  bounded  by  physiologic  constants.  (The  manner  of  select¬ 
ing  from  among  these  assumptions  may  also  be  influenced  by 
degree  of  risk  aversion  or  policy  considemtions.) 

In  contrast  with  the  assumptions  used  for  exposure  to  air. 
many  more  of  the  assumptions  needed  to  estimate  risk  fhMn 
exposure  to  surfaces  have  been  less  well  studied  and,  there¬ 
fore,  have  greater  uncertainty.  The  general  equation  for  es¬ 
timating  dermal  expc.>ure  to  PCBs  from  contaminated 
surfaces  includes  some  values  that  can  vary  substantially  with 
the  method  used  to  model  contact  (Table  II).  To  simplify  the 
illustration  presented  here,  other  assumptions,  for  example, 
the  amount  of  PCB  absorbed  through  the  skin,  are  assumed 
to  be  the  same  for  all  methods  for  estimating  exposure,  evoi 
though  they  also  can  be  controversial  (e.g.,  dermal  absorption 
may  vary  with  concentration  for  some  chemicals).  EPA^'^ 
is  in  the  proceu  of  evaluating  assumptions  associated  with 
exposure  via  dermal  contact 

At  least  three  distinct  approaches  can  be  used  for  estimat- 
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ing  exposure  through  demul  contact  The  most  traditional 
risk  assessment  approach  is  to  model  activity  that  might  result 
in  etqtosure  (Table  n).  Because  much  of  this  information  may 
vary  by  location  and  accurate  data  are  usually  not  available, 
the  rating  risk  assessments  may  differ  significantly 
depending  on  the  values  used.  One  of  dw  firs:  stqjs  in 
estimating  deimal  exposure  by  diis  approach  is  to  determine 
which  activities  result  in  contact  with  contamiiutted  surfaces. 
Althou^  all  PCB-contaminated  surfaces  contribute  to  PCB 
concentration  in  the  air.  otdy  some  surfaces  are  accessible  for 
dermal  contact  All  models  for  exposure  by  dermal  contact 
with  surfaces,  except  those  that  assume  all  surAces  are  as 
•contaminated  as  the  most  contamiruted  surface,  will  incor¬ 
porate  a  measure  of  accessibility  by  techniques  such  as  use  of 
a  weighted  average  concentration  or  by  separately  modeling 
each  type  of  surftce  based  on  accessibility  (e.g..  floor,  sur- 
foces  within  reach,  high  surfaces,  and  ceilings).  Determining 
which  surfaces  are  accessible  and  how  frequently  per  time 
period  each  type  of  surface  is  in  contact  wiA  die  sto  is  not 
trivial  for  most  situations.  Following  the  ink  pad  paradigm, 
the  amount  of  PCB  transferred  from  contaminated  surfaces 
to  clean  surfaces  during  repeated  contacts  throughout  the 
workday  should  also  be  estirtutted.  Day-to-day  variation  in 
activity  for  one  individual  and  variation  among  individuals 
may  result  in  a  complex  matrix  that  wiU  not  easily  reduce  to 
a  few,  tractable  exposure  scenarios. 

A  second  approach,  useful  for  chronic  exposures,  is  to 
assume  that  an  equilibrium  exists  between  the  person’s  skin 
that  would  contact  surfaces  and  the  appropriately  weighted 
average  of  the  PCB-contaminated  surfaces  in  the  room.  As¬ 
sumptions  in  this  case  are  fewer  because  the  activities  of  a 
person  do  not  need  to  be  estimated.  Although  this  approach 
might  seem  very  conservative,  a  comparison  with  the  activity 
approach  suggests  otherwise,  especially  if  conservative  as¬ 
sumptions  (i.e.,  some  version  of  "worst  case")  are  modeled. 
As  a  simplistic  example,  assuming  a  30%  transfer  of  PCBs 
from  contaminated  siufaces  and  four  contacts  per  day,  the 
exposure  modeled  by  the  activities  approach  (assuming  no 
removal  from  the  skin  and  all  other  ^oes  constant)  would 
be  twice  that  of  the  equilibrium  approach  (Le..  [4][0Jx]  a  2x, 
where  X  is  the  concentration  on  tte  surface).  Depending  on 
the  extent  to  which  the  PCBs  on  the  skin  are  assumed  to  be 
transferred  to  a  clean  surface  or  removed  by  washing,  the 
estimated  exposure  from  this  aqtect  of  the  activities  ^ipraach 
to  modeling  exposure  tiuqr  still  exceed  that  of  the  equilibrium 
approach,  depending  on  the  other  activity  assumptions 
adopted.  Nevertheless,  it  would  seem  unlikely  that,  for 
chronic  exposures,  the  actual  exposure  would  exceed  the 
equilibrium  model  using  the  appropriately  weighted  surface 
concentration. 

Finally,  available  data  may  provide  a  rough  estimate  for 
human  exposure.  For  example,  Oiristiatu  et  aL^*^  measured 
aenan  PCB  levels  in  workers  in  a  fecility  that  had  residual 
PCB-contaminated  surfaces  from  previ^  activities.  The 


workers  woe  occupationally  exposed  to  PCBs  only  tiirough 
contact  with  contaminated  surfaces  and  inhalation  of  PCBs 
volatilized  from  these  surfaces.  Limitations  of  any  qmlemiol- 
ogy  study  must  be  recognized.  It  can  also  be  difficult  to 
correlate  serum  PCS  levels  to  potential  for  oocunence  of 
adverse  effects.  The  uncertainties  in  this  exercise,  however, 
may  be  no  greater  than  modeling  exposure  through  estimating 
activities.  For  situations  in  which  the  surface  PCB  levels  are 
near  or  below  the  level  rqiwtted  in  Christiani  et  aL,  these  data 
may  be  a  iiKxe  accurate  representation  of  exposure  and  poten¬ 
tial  risk  (or,  if  tiie  contamiiution  is  lower,  an  upper  botmd  of 
the  risk).  At  a  minimum,  they  represent  a  reality  check  on  any 
modeling  exercise. 

Parenthetically,  review  of  the  Christiani  et  aL  study 
suggests  an  additional  issue  concerning  risk  assessment  of 
this  situatioiL  Exposure  through  inhalation  was  considoed 
negligible  by  the  authors,  presumably  because  the  concentra¬ 
tion  in  air  was  below  the  detection  limit.  Depending  on  the 
location  of  PCB  contamiruuion  on  surfaces  and  die  assump¬ 
tions  used  for  estimating  exposure  by  inhalation  or  dermal 
contact,  air  concentrations  at  the  detection  limit  in  this  study 
(it‘  i^vW)  could  contribute  to  the  risk.  If,  in  a  particular 
lu'tion,  highly  contaminated  surfaces  were  inaccessible 
t'Le..  contributing  to  air  concentrations  but  not  significantly 
to  dermal  contact),  the  PCBs  in  air  at  the  detection  limit  might 
have  a  higher  estimated  risk  than  that  from  contact  with 
contamiruued  surfaces.  Thus,  when  a  chemical  is  estimated 
to  be  relatively  potent  and  detection  limits  are  relatively  high, 
a  risk  assessment  of  exposure  at  the  detection  limit  should  be 
petfnmed  before  an  exposure  pathway  is  eliminated  due  to 
inability  to  detea  die  chemical. 

Condusiora 

Risk  assessment  of  PCBs  poses  two  generic  problems: 
1 )  the  chemical  is  actually  a  complex,  often  changing  mixture 
of  chemicals,  which  increases  the  complexity  of  evaluating 
toxicity  and  2)  PCBs  persist  in  the  environment,  which  com¬ 
plicates  modeling  of  exposure.  These  factors  also  limit  the 
availability  ofdata  needed  for  estimating  risk.  Thus,  common 
sense  and  upper-bound  risk  assessments  (reality  checks)  are 
uaefid  in  preventing  a  combination  of  seemingly  reasonable 
aHumptions  from  resulting  in  an  unreasonable  risk  estimate. 
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PCBs  on  Naval  Vessels 


KunW.Riegel 

Envirounental  Protection  Office,  Naval  Sea  Systems  Gmunand  (OOT),  Depattment  of  the  Navy, 
Washington,  DC  20362-5101 


The  foUowing  is  the  abstract  ef  the  preseiuation  by  Mr. 
Megel.  His  paper  is  not  availabteforpublicatioH  at  this  time. 

In  April  1989,  the  Navy  was  surprised  by  the  disopvery  of 
polychlorinatsd  biphenyls  (PCBs)  in  certain  Herns  aboard  Hs 
ahi^  For  example,  some  wool  faH  material  used  for  acoustical 
damping  and  in  gaskets  atas  found  to  be  impregnated  wHh 
PCBs;  they  had  been  added  by  some  suppliers  wHhout  the 
Navy's  knowledge  in  order  to  reduce  HammabiBty.  These  uses 
were  disooverad  during  work  done  on  a  submarine  at  the  end 
of  Hs  Ufa.  Existing  regulations  were  developed  before  these 
unusual  applications  became  known  and  mainly  adrkesscon- 


vantionat  uses  like  electrical  transformers  aid  capacitors.  The 
Navy  is  working  on  this  problem  under  the  existing  ragulalions 
but  wHI  also  work  with  raguUtors  as  opportunities  emerge  to 
revisa  mlas  in  order  to  reflect  actual  Navy  experience  ap¬ 
propriately.  Revised  mlas  should  also  be  based  on  accurate 
assessment  of  risk  to  personnel  and  to  the  environment 
Parsons  skillod  in  the  techniques  of  risk  assaesment  are 
encouraged  to  apply  the  Navy’s  experience 'm  this  mattar, 
including  rasuHs  of  environmental  measurements  in  this  par¬ 
ticular  sHuaticn,  and  to  participata  in  the  process  of  updating 
PCB  regulations  using  the  resuHs. 
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Short-Term  Expostire  Guidelines  for  Emergency 
Response:  The  Approach  of  the  Committee 
on  Toxicology 

Rogene  F.  Henderson,  I%.D. 

iahaladon  Toxicology  Research  Institute,  P.O.  Box  5890,  Albuquerque,  New  Mexico  87185 


For  over  40  years,  the  Nationaf  Research  Council's  Com* 
mittee  on  Toxicology  (COT)  has,  on  request,  recommended 
emergency  exposure  (pjidanoe  levels  (EEQLs)  and  con¬ 
tinuous  exposure  guidance  levels  (CEGLs)  for  chemicals  of 
concern  to  the  Department  of  Defense  (OoO).  EEGLs  provide 
guideiines  for  military  personnel  operating  under  one-time, 
emergency  conditions  whose  drcumstanoes  are  peculiar  to 
military  operations  arxf  for  which  regulatory  agartcies  have  not 
set  relevant  standards.  CEGLs  are  recommended  for  normal, 
long-iasting  military  operations.  The  guidance  levels  are  sot 
assuming  that  the  military  population  is  healthy  and  relatively 
young  and  includes  women  of  child-bearing  age.  An  EEGL  is 
defined  as  a  concentration  of  a  substance  in  air  that  may  bo 
judged  by  DoD  to  be  acceptable  for  the  performance  of 
specific  tasks  during  rare  emergency  corKfitions  lasting  1-24 
hours.  Exposure  at  an  EEGL  is  not  hygienic  or  safe;  exposure 
at  an  EEGL  may  produce  reversible  effects  that  do  not  impair 
judgment  and  do  not  interfere  with  proper  responses  to  an 
emergency.  CEGLs  are  ceiling  concentrations  intended  to 
avoid  adverse  health  effects,  either  immediata  or  delayod,  and 
to  avoid  degradation  in  performance  of  ipilitary  persormel  after 
exposuree  for  as  long  as  90  days.  Accumulation,  detoxifica¬ 
tion,  and  excretion  are  impoilant  factors  in  determining 
CEGLs.  For  a  substance  that  has  muKipla  toxic  effects,  ail  the 
adverse  effects — including  reproductive  and  developmental 
effects;  cancer,  and  neurotoxic,  respiratory,  and  organ- 
specific  effects  —  are  evaluated  and  the  most  seriously 
debittating,  work-limiting  or  sansHivo  one  is  seiectad  as  a 
basis  for  guidanoe.  Oocaslonaily,  OoD  asks  COT  to  recom¬ 
mend  a  short-term,  public  emergency,  expoeure  guidanoe 
level  or  SPEGL  A  SPEGL  is  defined  as  an  acceptable  peak 
concentration  for  unpradicted,  single,  short-term,  emergency 
sa^oeurae  of  the  gerieral  pubkc.  SPEGL's  are  generally  sot  at 
0.1  to  0.5  timos  the  EEGL  to  provide  appropriate  safety  factors 
for  the  wide  range  of  susceptibility  in  the  ganarai  pubite. 

Mfoduction 

For  over  40  years,  the  Committee  on  Toxicology  (GOT) 
of  the  National  Research  Council  (NRC)  has,  upon  tequesL 
advised  the  Department  of  Defense  (DoD)  on  the  ceilings  for 
exposure  to  airborne  chemicals  of  interest  to  DoD  under 
emergency  exposure  conditions.  The  levels  are  intended  as 


guidance  for  single  emergency  exposure  conditions  (i.e.,  an 
occurrence  expected  to  be  infieipient  in  the  lifetime  of  a 
person).  Tlie  l^els  are  not  intended  for  conditions  that  are  to 
be  repeated  on  a  regular  basis.  The  guidance  levels  are  for 
military  persormel  operating  under  emergency  conditions 
whose  circumstarxxs  are  peculiar  to  military  operations.  The 
guidance  levels  should  never  be  considered  as  standards  for 
the  general  population.  Under  some  citcutnstatx:es,  DoD  asks 
COT  fcv  guidance  levels  for  short-term  emergency  exposures 
that  may  affect  the  general  public.  Such  guidance  levels  are 
for  one-time,  single  exposures  under  emergency  conditions 
and  are  adjusted  for  the  difference  in  the  population  of  the 
general  public  compared  to  the  military.  Fin^y,  COT  also 
provides,  upon  requesL  guidance  levels  for  continuous  ex¬ 
posures  (up  to  90  days)  of  military  personnel  in  atmospheres 
speciffo  to  military  operatioru  (e.g.,  sulmuuines).  NRC  has 
published  seven  volumes  giving  recommended  guidatKe 
levels  for  37  chemicals.^'~^ 

In  the  foUowutg  sections,  die  different  guidance  levels 
provided  to  DoD  by  COT  will  be  defined  and  described  in 
more  detail.  The  process  of  developing  the  guidance  levels 
will  be  reviewed,  and  example  compounds  will  be  used  to 
illustrate  that  process. 

Dilinitfora 

The  Emergency  Exposure  Guidance  Level  (EEGL)  is  a 
concentration  of  a  substance  in  air  that  may  be  judged  by  DoD 
to  be  acceptable  for  the  performance  of  specific  tasks  during 
rare  emergency  conditions  lasting  1  to  24  hours.  The  EEGL 
should  allow  personnel  to  continue  to  perform  tasks  neces¬ 
sary  to  take  care  of  the  emergency  conditions  and  to  allow 
self-rescue.  Therefore,  the  EEGL  should  not  impair  judge¬ 
ment,  intetfere  with  performance  of  tasks  in  re^xmse  to  die 
emergency,  nor  cause  irreversible  harm  to  the  personnel.  The 
EEiCH<  may,  however,  cause  transiem  adverse  effects,  such  as 
increased  respiration  rate,  headache  (but  not  debilitating 
headache),  mild  central  nervous  system  effects,  or  irritation 
totheeyesoi  «<ppertespitatoiy  tract  An  EEGL  is  acceptable 
only  in  an  emergency,  when  some  discomfort  or  risks  must 


89 


90 


Chwnicai  Risk  AssMsmant 


be  taken  to  avoid  greater  risks,  such  as  fire,  explosion,  or 
massive  releases  of  toxic  material. 

The  calculation  of  an  EEGL  is  based  on  the  exposure 
population  being  military  personnel  who  are  healthy  and 
rehttively  young.  Women  are  included;  thus,  the  potential 
fetotoxicity  of  the  exposure  material  is  considered.  Personnel 
are  expected  to  have  ^rpropiiate  protective  equipment  avail¬ 
able  1^  to  have  plann^  escape  routes,  but  E^Ls  are  nm 
baaed  on  the  availability  of  the  protective  equipment  or  the 
escrqre  routes. 

The  Shoit-Tenn  Public  Emergency  Guidance  Level 
(SPEGL)  is  a  suitable  concentration  for  single,  short-tenn, 
emergency  exposure  of  the  general  public.  The  SPEGL  is 
developed  at  die  request  of  the  OoD  for  emergency  situations 
in  which  the  public  might  be  involved.  The  SPEGL  considers 
sensitive  populations,  such  as  children,  the  aged,  and  persons 
with  serious,  debilitating  diseases. 

The  Omtinuous  Exposure  Guidance  Level  (CEGL)  is  a 
ceiling  concentration  designed  to  avoid  adverse  healdi  ef¬ 
fects,  either  immediate  or  delayed,  of  more  prolonged  ex¬ 
posures  and  to  avoid  degradation  in  crew  performance  that 
might  endanger  the  objectives  of  a  particular  mission  as  a 
consequence  of  continuous  exposure  for  up  to  90  days.  Thus, 
CEGL  is  not  a  short-term,  emergency  guidance  level  but  is 
iTKluded  in  this  report  because  it  is  usually  calculated  based 
on  some  fiaction  of  the  EEGL.  The  CEGL  is  intended  to 
provide  guidance  for  military  operations  lasting  as  long  as  90 
days,  such  as  in  submarines. 

Process  for  Developing  Guidance  Levels 

COT  has  published  a  summary  of  the  procedures  used  in 
recommending  guidance  levels  for  DoD.^^  The  first  step  in 
developing  guidance  levels  requested  from  DoD  is  to  search 
the  literature  for  information  on  the  toxicology  of  the  sub- 
natKe  of  concetTL  It  is  essential  to  gather  basic  infomution 
on  the  chemical  and  physical  properties  of  the  substance  to 
understand  how  the  material  v^l  act  in  an  emergency  situa¬ 
tion.  What  will  its  physical  form  be  in  the  atmosphere?  Will 
it  be  stable  or  bretdc  down  rapidly?  How  wiQ  its  solubili^ 
affect  its  retention  in  the  respiratoiy  tract?  How  will  its 
particle  size  influence  deposition  in  die  respiratory  tract? 

Next,  the  literature  is  searched  for  any  indication  of  acute 
toxic  effects  and  the  concentrations  that  induce  those  effects. 
The  most  valuable  information  is  that  which  is  baaed  on 
luiman  responses  to  die  substance.  Studies  indicating  the 
effect  of  die  compound  on  the  ability  of  humans  to  perform 
difficult  mental  or  physical  tasks  are  especially  usefiiL  In  the 
absence  of  human  data,  acute  responses  of  animals  to  die 
subatance  are  used.  All  types  of  acute  toxicity  data  are  con¬ 
sidered,  including  repror^ctive  and  developinenud  toxicity, 

neurotoxicity,  respiratory  toxicity,  and  other  organ-specific 

-  - 
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If  the  compound  has  been  shown  to  be  a  carcinogen,  a 


risk  assessment  is  used  diat  is  baaed  on  a  linearized,  multi¬ 
stage  model^^  to  provide  an  estimate  of  an  exposure  that 
would  not  lead  to  an  excess  risk  of  cancer  greater  than  1  in 
10,000 exposed  persons.  Pharmacokinetic  infomiation  is  also 
sought  in  the  search  of  the  literature.  The  ability  of  die  body 
to  clear  the  inhaled  substance  is  of  concern  in  setting  the 
CEGL  based  on  the  EEGL  (Le.,  in  going  from  an  acute 
exposure  situation  to  a  dironic  exposure  scenario).  The 
ability  of  the  body  to  clear  die  substarice  is  also  of  craicem  in 
estimating  the  potential  for  a  short-term,  emergency  exposure 
to  cause  an  effect  such  as  cancer. 

In  addition  to  die  search  of  the  literature  for  toxicity 
information,  COT  draws  up  a  list  of  all  other  exposure  limits 
thathavebeensetfordieconipoundby  any  agency.  Sucha 
list  provides  information  that  allows  the  Committee  to  judge 
if  its  deliberations  are  in  reasonable  accord  with  the  recom¬ 
mendations  of  odier  groups  of  experts  who  have  evaluated  the 
same  compound.  The  purpose  of  this  conqmrison  is  not  to 
mimic  the  regulatory  levels  set  by  others  but  to  determine  if 
the  COT  deliberations  resulted  in  guidance  limits  that  are 
reasonable  in  li^  of  the  special  needs  of  the  military.  It 
should  be  emphasized  that  the  guidance  levels  recommended 
by  COT  are  not  like  standards  issued  by  regulatory  agencies 
a^  must  not  be  so  construed.  They  are  intended  for  use  ity 
DoD  exclusively  for  its  particular  exposure  situations. 

Baaed  on  ite  information  gathered  from  the  literanrte, 
COT  recommends  an  EEGL.  Forasubstance  that  has  multiple 
toxic  effects,  COT  chooses  the  effect  that  is  most  debilitating 
or  most  likely  to  interfere  with  perfotmatKe  in  an  emergency 
situation  as  the  basis  for  the  ETCL.  A  safety  factor  of  10  is 
used  (Le.,  the  EEGL  is  reduced  by  one-tenth)  if  only  anirtul 
data  are  availrfole  or  if  the  data  are  fiom  a  route  of  exposure 
that  is  different  from  the  e;q)ected  route  in  the  emergency. 
The  EEGL  based  on  acute  toxic  effects  is  then  compared  to 
the  level  of  the  compourxi  that  would  be  recommetxied  based 
on  the  cancer  risk  assessment  process.  The  lower  number  is 
recommended  as  the  EEGL. 

Usually,  die  1-hour  EEGL  is  calculated  first,  and  the 
24-hour  EEGL  is  then  set  based  on  Haber’s  Rule,  which  states 
that  exposures  having  the  same  concentration  times  time 
constant  will  cause  equivalent  toxicity.  Based  on  this  rule,  a 
24-hour  EEGL  would  be  ^i|ffoximately  l/24th  of  the  EEGL 
for  1  hour.  For  some  compounds,  such  as  irritant  gases,  for 
which  the  concentration  is  the  major  parameter  determining 
toxicity.  Haber’s  Rule  is  not  follow^  and  die  EEGL  for 
1  hour  may  be  the  same  as  for  24  hours. 

For  some  compounds,  DoD  may  request  CX>T  to  recom¬ 
mend  a  SPEGL.  Because  the  public  may  include  some  sensi¬ 
tive  subgroups  that  are  not  in  the  military,  such  as  severely 
debilitated  persons,  young  children,  aixl  the  very  old,  the 
recommended  SFEGLs  are  lower  than  the  EEGLs.  Usually, 
the  SPECHa  are  (XI  to  0.S  times  die  EEGLs.  A  safety  factor 
2  is  used  to  protect  sensitive  subgroups  in  the  population. 
If  newboms  or  fetuses  are  to  be  protected,  a  safety  foctor  erf 
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10  is  used. 

Likewise,  DoD  sometimes  needs  recommendations  for 
CEGLs  or  ceiling  levels  for  continuous  exposures  in  specific 
militaiy  opentions.  The  CEGL  is  usuaUy  0.01  to  0.1  times 
the  24-hour  EEGL.  If  the  substance  clean  firom  the  body 
npidly  or  is  quickly  detoxicated,  a  safety  factor  of  10  may  be 
used.  If  die  compoiuid  is  expected  to  accumulate  in  die  btxiy 
or  ia  only  slowly  detoxkat^  than  a  safety  factor  of  100  or 
even  higher  may  be  used. 

Example  Compounds 

Benzene 

The  basis  for  COT’s  guidance  levels  for  benzene  is 
described  in  Volume  6  of  the  series  of  documents  published 
by  the  NRC/COT.^^  A  brief  description  of  that  process  will 
serve  as  an  example  of  the  approach  used  by  COT. 

Acute  exposures  to  high  levels  of  benzene  are  known  to 
produce  central  nervous  system  (CNS)  effects  dut  could  be 
debilitating.  Chronic  exposure  to  lower  levels  of  benzene  is 
associated  with  hematotoxicity  and  acute  myelocytic 
leukemia.  A  review  of  the  literature  indicated  that  hunuuis 
exposed  at  50-1S0  ppm  benzene  for  S  houn  complained  of 
headache,  lassitude,  and  weakness,  whereas  exposure  at  25 
ppm  for  8  houn  had  no  effect^*®  Subacute  hematotoxicity 
was  induced  in  woiken  exposed  at 25- 1 00 ppm  benzene  over 
10  years.^^^  Chromosomal  aberrations  in  peripheral  white 
blood  cells  were  observed  in  woikere  expos^  to  as  little  as  1 
ppm  benzene  for  over  1  year.^**”^ 

Aiumal  studies  indicate  that  exposure  of  tats  at  1-10  iqxn 
benzene  for  6  houn  results  in  an  increase  in  chromosomal 
aberrations  in  botw  marrow  cells.^'^^  Fetotoxicity  has  been 
observed  in  tats  exposed  at  50  ppm  benzene  for  1  hours/day 
during  days  6  through  15  of  gestation,  and  teratogenicity 
resulted  if  the  exposure  was  at  500  ppm.^'^^ 

The  current  Occupational  Safety  and  Health  Administra¬ 
tion  (OSHA)  regulations  for  benzene  allow  an  8-hour,  time- 
weighted  average  CTWA)  exposure  of  woiken  to  1  ppm 
benzene  with  a  ceiling  exposure  limit  of  5  ppm  (15-miiaite 
TWA). 

Based  on  the  above  infotmatiaR,  COT  set  the  EEGLs 
based  on  acute  CNS  syiiqxotns  in  humans.  Exposure  at  50  to 
150  ppm  for  5  houn  caused  headache,  lassitude,  and  weak- 
nesa,  Imt  exposure  at  25  ppm  for  8  houn  produced  no  observ- 
^>le  CSS  effects.  Therefore,  exposure  at  50  ppm  for  1  hour 
can  be  expected  to  have  mild,  but  not  iiKapacitating  effects. 
Thus,  COT  set  the  1-hour  EEGL  at  50  ppm  benzene  and  the 
24-hour  EEGL  at  approximately  1/24  that  value  or  2  ppm. 

However,  benzene  is  a  probable  human  carcinogen; 
therefore,  COT  evaluated  the  exposure  to  benzene  that  would 
not  allow  an  excess  cancer  risk  above  1  in  10,000.  To  calcu¬ 
late  thia  value,  GOT  accepted  the  EPA  Carciixrgen  Assess¬ 
ment  Oroiqr’s  report  that  an  excess  risk  of  cancer  for  lifetime 


(70  yean)  exposure  to  benzene  at  1  ppb  was  24  X 10*^.^*^^  To 
convert  to  the  level  of  benzene  that  would  cause  an  excess 
cancer  risk  of  10*^,  the  COT  calculated: 

Ri8kof1x10~*-  J  y  x1ppb-4.2ppb 

24x1(r* 

To  convert  from  a  70-year  exposure  to  a  24-hour  exposure, 
the  following  calculation  was  made: 

The  multistage  factor  is  based  on  die  work  of  Crump  and 
Howe^^  to  allow  for  possible  variability  in  the  stage  of  die 
cancer  process  at  which  benzene  or  its  metabolites  act 
UteieforB,  based  on  the  carcinogenic  properties  of  benzene, 
the  24-hour  EEGL  would  be  38  pfHii,  and  the  1-hour  EEGL 
would  be  24  tiiiKS  as  high,  or  912  ppm. 

Because  the  EEGLs  based  on  acute  toxicity  were  lower 
than  the  EEGLs  that  would  be  set  based  on  benzene  as  a 
carcinogen,  the  acute  toxicity  data  were  used  to  set  the  1-hour 
EEGL  at  50  ppm  and  the  24-hour  EEGL  at  2  fqmi. 

Hydn»gen  Chloride 

An  example  of  a  chemical  that  does  not  follow  Haber’s 
Rule  is  hydrogen  chloride  (HQ).  The  irritancy  of  this  gas  is 
more  associated  with  its  concentration  in  air  than  with  the 
tirrw  of  exposure.  Therefore,  the  1-hour  and  the  24-hour 
EEGLs  for  HQ  are  both  20  ppm,  and  the  1 -hour  and  24-hour 
SPEGLs  are  both  1  ppni. 

The  1-hour  SP^L  for  HQ  can  be  compared  to  that 
recommended  by  industry  as  a  Level  1  Emergency  Response 
Plaiuiing  Guideline  (ERPG)  that  is  used  in  planning  for 
responses  to  emergency  situations  in  the  chemical  in- 
dustry.^'^  This  guideline  is  defined  as  the  maximum  airborne 
concentration  below  which  it  is  believed  that  nearly  all  in¬ 
dividuals  could  be  exposed  for  up  to  1  hour  witiiout  ex¬ 
periencing  anything  more  tium  mild,  transient,  adverse  health 
effects  or  perceiving  anything  more  than  a  clearly  defined 
objectionable  odor.  The  ERPG  Level  1  is  set  at  3  ppriL  The 
difference  between  the  ERPG  and  the  SPEGL  lies  in  the 
people  the  guideline  is  meant  to  protect  The  SPEGL  con- 
sidm  sensitive  subpopulations,  whereas  the  ERPG  only  con¬ 
siders  "nearly  all  iridividuals." 
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Major  chemicai  spills  create  special  problems  In  protec¬ 
tion  of  both  public  and  worker  health.  The  current  standard  of 
practice  for  a  major  spill  requires  the  evacuation  of  personnel 
for  a  specified  dstanoe  downwind,  using  exposure  limits  and 
dispersion  models  to  define  a  toxic  corridor’s  safe  and  unsafe 
areas.  The  i^ication  of  this  pracdoe  is  that  there  is  significant 
health  risk  inside  the  toxic  corridor  and  no  significant  risk 
beyond  the  oonkfor.  Because  of  the  high  level  of  uncertainty 
in  both  the  exposure  limits  and  the  dispersion  nradeling  used, 
these  corridors  are  understandably  conservative  in  an  attempt 
to  develop  a  high  de^ee  of  confidence  that  people  outside  the 
toxic  corridor  are  not  endangered.  However,  this  conservative 
practice  can  result  in  very  large,  predicted,  toxic  hazard  cor¬ 
ridors  creating  evacuation  probiams  and  additional  hazards. 

Before  1985,  the  United  States  Air  Force  used  National 
Academy  of  Science  (NAS)  -  National  Research  CouncU 
(NRQ  pobiiahed  emergency  public  exposure  limits  for 
nitrogen  dioxide  (NOz)  and  the  hydrazine  fuels  used  in  rocket 
and  missile  operations.  In  1985  and  1989,  the  NAS-NRC 
Committee  on  Toxicology  publishedanew,  lower,  short-term 
public  exposure  guidance  level  (SPEGL)  for  NOz  and  die 
hydrazines  used  in  Titan  rockets.  This  lowering  of  the  ex¬ 
posure  limit  caused  a  significant  increase  in  the  length  of  the 
predicted  potential  toxic  corridor  at  Vandenbetg  Air  Force 
Base,  extending  it  well  beyond  the  controlled  areas  of  the  base 
into  populated  areas,  significantly  impacting  the  base's 
ability  to  perform  higher  risk  operations  such  as  fueling  and 
lauiKhing  the  rocket  This  forced  a  re-evaluation  of  the  stand¬ 
ards  and  practices  used  for  hazard  plaiuiing. 

Predicting  the  toxic  hazard  corridor  requires  three  prin¬ 
cipal  elements:  rate  of  contaminant  evapoiation,  dispersion 
modeling,  and  exposure  limits.  This  pqier  focuses  on  the 
exposure  limits,  the  associated  health  risk,  and  response 
actions. 

If  achemical  release  does  occur,  the  information  needed 
by  the  Bm  Gxnmander  is  the  degree  of  risk  to  human  health 
and  safety.  Risks  can  be  either  immediate  or  long  term  and 
can  affect  the  general  population  or  selected  sensitive  in¬ 
dividuals. 

In  the  case  of  NOz.  there  is  much  experience  widi  human 
exposure.  In  the  average  population,  the  risk  is  considered 
immediate  with  a  finite  threshold  for  irrevenible  healtfa 
damage;  however,  there  is  a  sensitive  subpopulation  that  mi^ 
suffer  from  secondary  effects  caused  by  exposures  at  mudi 


lower  levels.  The  SPEGL  is  set  at  a  level  to  protect  this 
sensitive  subpopulation,  but  it  does  not  give  the  Base  Com¬ 
mander  the  risk  infoimation  needed  to  evaluate,  plan  for,  and 
reqmnd  to  a  large  chemical  qiill.  The  Environmental  Protec¬ 
tion  Agency’s  (EPA)  Technical  Guidance  for  Hazard 
Analysis,  Emergency  Planning  for  Extremely  Hazardous 
Substances  (December  1987)  sets  the  Txvel  of  Concern”  fot 
public  emergency  exposure  at  1/10  of  the  Tiiunediately 
Dangerous  to  Life  and  Health”  (IDLH)  level.  EPA  has  also 
establiriied  an  air  pollution  ceiling  goal  for  NOz,  above  which 
is  the  "significant  harm  level”  for  the  public  as  a  whole, 
including  sensitive  subpopulations.  The  Occupational  Safety 
and  Health  Administration  (OSHA),  the  American  Con¬ 
ference  of  Governmental  Industrial  Hygienists  (ACGIH),  and 
the  National  Institute  for  Occupational  Safety  and  Health 
(NIOSH)  have  all  published  occupational  exposure  limits  for 
short-term,  periodic  exposures. 

The  hydrazine  fernily  of  feels  creates  a  differeiu  prob¬ 
lem.  Although  acute  toxicity  data  are  available,  these  chemi¬ 
cals  have  been  listed  as  suspected  human  carcinogens.  This 
identification  as  suspected  carcinogens  caused  NIOSH  to 
remove  the  IDLH  listing  for  these  chemicals  from  the  NIOSH 
PocketGuidetoChemical Hazards,  Hfth  Printing.  The  Pock¬ 
et  Guide  data  were  not  intended  to  be  used  for  emergency 
response;  however,  the  Guide  had  become  the  standard 
source  for  IDLH  data  from  a  recognized  agency.  Therefore, 
when  the  IDLH  levels  for  suspected  carcinogens  were 
deleted,  a  void  was  created  in  "officially  recognized"  IDLH 
values  for  hydrazines.  This  makes  it  difficult  for  a  Base 
Commander  to  defend  the  use  of  an  exposure  limit  that  is  not 
sanctioned  by  a  recognized  agency. 

In  order  to  provide  the  Base  Commander  with  better  tools 
to  evaluate  risk  from  and  respond  to  failures  of  these  fuel 
systems,  we  developed  a  risk-based  approach  to  toxic  hazard 
prediction  and  response.  The  approach  identified  three  risk 
categories,  each  with  an  associated  risk  arvl  response  proce¬ 
dure.  Although  this  approach  may  not  be  necessary  or  prac¬ 
tical  for  small  chemi^  spills,  it  greatly  helps  manage  both 
planning  and  response  to  large  toxic  chemkal  spills. 

Table  1  shows  the  sources  of  several  published  exposure 
limits  for  the  prirnary  rocket  fuels.  This  information  was  used 
to  identify  existing  stmdards  and  to  help  clarify  relative  risks 
for  differettt  exposure  limits.  These  risks  can  be  divided  into 
three  categotiea:  immediately  hazardous  to  life  and  health. 
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TABLE  LEnpoauraStandawla  and  Laaala  of  Concam(L.aC.) 


Stondarda 

Laval /Tier 

NMrogan  Oioidda 

1 

2 

3 

I0LHA1/2I0LH 

5005  ppm 

X 

— 

— 

EPALO.C. 

5ppm 

— 

X 

— 

EPA  signMcant  harm  levek 

2ppm(1hravg.) 

— 

— 

— 

pokiOon  CiHnQ  QOil 

0.5ppm^hravB*) 

— 

— 

— 

SPEQUNAS-NRC 

1  ppm(l  hour) 

— 

— 

X 

ACGiH  ahort-tom  aitooaura 

lmit(STEL)(1990) 

5  ppm  (IS  min). 

08HASTEL 

1  p^  (IS  min) 

UDMH  (UnaymmaSrfoal  dbnatfiyliydmdna) 

lOLHri/ZIOLH 

SOOSppm 

X 

— 

EPALO.C. 

Sppm 

— 

X 

SPEGUNAS-ffflC  1969  (oanoar) 

24  ppm  (1  hr) 

— 

— 

ACQIH  tbna-waightod  awaraga 

aWA).(1990)|prapoaad| 

as  ppm  (0.01  ppm] 

06HASTEL 

OS  ppm  (IS  min) 

nyonovii 

I0LH/1/2I0LH 

SOMOppm 

X 

— 

EPALO.C. 

Sppm 

— 

SPEOiyNAS-NRC  1989  (Ivar) 

2ppm(1  hr) 

— 

X 

ACQIH  TWA  (1990)  (piepoaadl 

0.1  ppm  p}.01  ppm] 

OSHASTEL 

0.1  ppm  (15  min) 

Conad  to  this  iinil  lacjuifad  lof  piannad  and  rapaativa  falaaaaa. 


without  regard  to  long-term  cancer  risk;  potentially  hazard¬ 
ous  to  the  general  public  with  effects  being  reversible  or 
minor;  and  not  significantly  hazardous  to  the  geneial  public 
but  posing  increased  risk  to  a  sensitive  subpopuladon. 

Table  II  defines  the  levels  of  concern  categories  and 
r^ectt  the  recommended  response  action  for  eadi  level  d 
risk.  In  addition.  Table  I  indicates  which  exposure  limit  best 
fits  each  level  of  concern. 

This  approach  requires  that  the  Base  Commander  accept 
acertain  level  of  risk  for  public  exposure  potential  by  using 
exposure  hazard  data  that  are  ava^le  but  not  "officially” 
sanctioned;  yet,  it  allows  the  Commander  the  flexibility  to 
conduct  hazardous  operations  with  a  high  level  of  confidence 
tiiat  an  effective  response  can  be  made  to  a  major  chemkai 


release. 

bnpleinentation  of  the  duee-tier  approach  required  an 
education  campaign  for  the  commanders  and  opetaton  to  get 
them  to  understand  and  accept  this  new  way  of  planning  for 
disaster.  Commanders  had  to  accqrt  die  unceitainQr  of  not 
having  a  "national  standard"  to  rely  upon.  Operating  instruc¬ 
tions,  disaster  response  plans,  and  computer  dispersion 
models  had  to  be  modified  to  deal  with  levels  of  risk  a^  diree 
levels  of  toxic  corridors. 

In  the  final  analysis,  however,  this  three-tier  approach  to 
managing  hazardous  chemical  spills  provides  the  oporational 
commanders  with  a  risk  management  tool  that  permits  in¬ 
creased  flexibility  in  establishing  policies  and  in  maruiging 
hazardous  operatioiH  with  a  higher  level  of  confidertoe. 
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Developmental  Medical  Research 
on  Liquid  Gim  Propellants 

David  L.  Parmer,^  Winifred  G.  Palmer,  David  A.  Smart,^  and  Robert  A.  Finch 

U.S.  Anny  Biomedical  Research  and  Development  Laboratory,  Fort  Detrick,  Frederick,  Maryland  21702*5010; 
^Formerly  assigned  to  the  U.S.  Army  Biomedical  Research  and  Development  Laboratory 


A  research  program  is  described  that  addresses  ex¬ 
posure  and  health  effects  potential  lor  a  future  liquid  propellant 
atmiary  system.  The  prindpal  focus  of  the  study  is  the  pradic- 
fkm  of  health  effects  based  upon  hypothetical  weapons  sys¬ 
tem  combat  and  training  scenarios.  Accidental  sp^  of  the 
liquid  propellant  are  expected  to  be  the  prindpal  mode  of 
exposure.  The  swine  dermal  model  Is  the  principal  assay  used 
for  identifying  health  effects  arising  from  accidental  spill  situa¬ 
tions.  The  study  was  initiatsd  by  the  development  of  proce¬ 
dures  for  collection  of  data  on  humans  aoddsntaly  exposed 
during  the  weapons  system  research  and  dsvelofxnant 
phase.  This  information,  as  well  as  information  from  cont- 
pletad  toxicology  studies,  was  shared  with  industry  and 
government  participants  for  worker  protection  artd  fOr  the 
development  of  a  medicai  survellanos  plan.  System  descrip¬ 
tion  scenarios  were  developed  at  an  earty  st^  in  order  to 
kitsgrate  human  exposure  data  and  animal  toxicology  studies 
into  assessments  of  potential  risks.  Subsequent  updates  to 
these  scenarios  often  led  to  changes  in  the  toxicology  studies 
in  an  iterative  fashion. 

Uqitid  Propellant  1846  oonsisis  of  61%  hydroxyiam- 
monium  rtitrats,  19%  triethanolammonium  nitrato,  and  20% 
water.  Previous  studies  of  this  material  have  demonstrated 
significant  dermal  in^  potential,  inducing  aonsHIzation,  ir¬ 
ritation,  and  following  extended  exposure,  marked  necrosis. 
Dermal  exposure  is  followed  by  methemoglobin  increase.  The 
results  of  recently  completsd  and  ongoing  toxicology  studes 
are  described.  Study  protocols  designed  to  simuiate  weapons 
systems  scenarios  with  the  swine  modsi  are  also  ciscussed. 
These  protocols  indude  assessing  levels  of  rotative  exposure 
(accidental  spil  potential),  water  rinsing  of  dermal  and  ocular 
surfaces,  and  absorption  by  dothing.  Data  tecjuiramenls  to 
oompletsahealtheffodsriskassessmontliorAmtydecision- 
makera  are  listed  and  discussed. 

kitreduclfon 

Liquid  gun  propellant  (LP)  is  the  basis  fos  a  ladicaUy  new 
approach  to  artillery  propulsion  systems.  The  propellant  can 
be  mettled  iMo  the  conriwstion  chamber  to  achieve  unique 
oombinalions  rtf  firing  rate  and  range  that  cannot  be  ae- 
comptiahed  by  traditional  artillery  systems.  LP  is  expected  to 
oflbr  major  advantages  over  a<^  propellants  due  to  aig* 
nificant  reductions  in  production  a^  transportarion  costs. 


hitler  storage  quantities  in  combat  vehicles,  and  reduced 
vulnerability  to  accidents  or  enemy  fire. 

Over  the  past  decade,  several  formulations  fta  LP  have 
been  considered.  The  most  recent  formulation,  LP1846,  will 
be  used  if  the  U.S.  Army  elects  to  continue  development  of 
LP  artillery  systems.  LP1846  is  composed  of  hydroxylam- 
monium  nitrate  (HAN),  triethanolaminonium  nitrate 
(TEAN),  and  water  in  the  ratio  60.8:19.2:20  volume  to 
volume  (v/v)  HAN:lBAN:water.  The  molecular  structures  of 
HAN  and  TEAN  are  shown  in  Figure  1. 

The  U.S.  Army  Biomedical  Research  and  Development 
Laboratory  (USABRDL)  is  currently  assessing  the  health 
risks  associated  with  LP1846.  The  results  of  this  assessment 
will  be  used  in  the  basic  program  decisions  concerning 
whether  to  continue  with  the  developmem  of  LP  systems.  To 
be  considered  in  the  decision-making  process  ate  docu¬ 
mented  human  accidem  scenarios,  medical  surveillance  data 
from  exposed  persons,  results  of  toxicity  studies,  analysis-of- 
uae  scenarios,  aixl  construction  of  hypothetical  exposure 
sceruvios.  The  medical  research  plan  governing  the  direction 
of  this  assessment  focuses  on  health  risks  faced  by  soldios  in 
combat  aixl  training.  The  risks  encountered  in  production 
facilities  will  be  addressed  at  a  later  time.  This  priority  was 
based  1)  on  the  recognized  higher  incidence  of  combat  acci¬ 
dents  that  could  lead  to  exposure  and  2)  on  the  lower  potential 
for  ntgineering  design  to  provide  protective  measures  in 
combat  and  training  scenarios,  a.,  ompared  to  production 
facilities. 

Study  DMign 

Several  key  or  unique  elements  of  the  study  were 
designed  to  adtfaess  the  objectives  described  above.  There 
was  a  strong  interest  in  maximizing  the  working  relationship 
between  the  weapons  developer  and  the  Army  medical  com¬ 
munity.  As  the  weapons  design  evolved,  potential  routes  and 
fiequency  of  exposure  from  different  operating  scenarios 
were  examined.  In  turn,  the  results  from  medical  studies 
influenced  system  design.  A  medical  suivdllanoe  progiam 
involving  civilian  contractors  and  Army  medical  facilities 
was  initiattd  at  an  early  stage.  This  program  emphasized  the 
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FIGURE  l.QwyoBena  of  liquid  fan  propelUnt 


rapid  reporting  of  surveillance  results  and  accidents  in  order 
to  build  a  database  on  human  exposure.  Protocols  for  surveil¬ 
lance  were  standardized  and  health  effects  data  shared  in 
order  to  ensure  that  the  information  concerning  the  potential 
health  effects  of  LP  was  disseminated  prompdy  to  medical 
personnel  and  that  accident  response  procedures  were  current 
and  appropriate.  In  the  approximately  4  years  diat  the  medical 
surveillance  program  has  been  in  operation,  several  revisions 
to  the  guidelines,  safety  procedures,  and  Material  Safety  Data 
Sheets  were  made. 

The  principal  toxicology  studies  were  designed  to  mimic 
potential  field  exposure(s)  as  closely  as  possible.  The  toxicity 
of  LP1846  is  due  pritruuily  to  HAN,  the  major  ingtedknL 
HAN  readily  dissociates  into  hydroxylamine  and  firee  nitrate 
at  neutral  pH,  and  as  expected,  some  of  the  health  effects  of 
LP1846  (Le.,  severe  skin  injury  and  methemoglobin  forma¬ 
tion)  are  similar  to  those  of  hydroxylamine.  Because  acciden¬ 
tal  spills  were  judged  to  be  the  most  serious  threat,  the  most 
recent  studies  have  concentrated  on  effects  associated  widi 
skin  contact  Swine  were  chosen  as  the  experimental  animal 
for  these  studies  because  diey  ate  ctmsideted  to  be  a  good 
dermal  penetration  model  for  human  skitt^*^  Studies  ate  in 
progress  with  swine  to  evaluate  the  effects  of  repeated  ex¬ 
posure,  washing  exposed  skin,  and  exposure  to  saturated 
clothing.  Other  studies  were  designed  to  evaluate  the  syv 
tetnic  effects  of  LPl 846 and  to  determine  the  risk  that  LPl^ 
would  represent  to  the  soldier  when  exposures  occurred  by 
routes  thtt  ate  most  likely  to  occur  on  die  battlefield. 

Human  Expoaura  and  Madical  SurvaUlanca 

Although  documented  reports  of  human  contact  with  LP 
are  limited,  it  is  known  that  skin  contaa  with  LP  can  cause 
an  immediate,  transient  sensation  of  burning  and  the  a|>- 
peannce  of  skin  lesions  within  24  hours.  In  one  medical 
report,  a  worker  wiped  his  arm  across  a  metal  fixture  wetted 
with  LP1846.  LatCT  in  the  day,  a  macular  papular  rash 
developed  in  the  area  of  contact  His  physician  prescribed  a 
pHisoHex*  wash  followed  by  a  cortisone  cream;  the  rash 
resolved  within  a  week. 

Other  medical  reports  indicate  that  removal  of  LP  by 
rinsing  with  water  can  prevent  or  reduce  the  seriousness 
akin  lesions.  Two  individuals  became  contaminated  with  LP 


on  the  front  of  the  pants  and  hands  in  an  incident  that  involved 
a  spill  of  appwwiimBleiy  ULoflP.  Inbodicases,dienien 
washed  their  hands  with  disdlled  water  within  20  seconds  and 
changed  their  doihing  within  3  hours.  Medical  examinatioo 
on  the  following  day  revealed  no  signs  or  syrt^Mortu  related 
totheapilL 

A  final  medical  rqMCt  suggested  that  LP  can  cause  an 
allergic  aeneitizaiioa.  hi  Ais  particular  case,  the  affected 
individual  routinely  worked  in  the  laboratory  wiA  small 
quantities  of  13  M  HAN.  When  she  worked  wiA  both  HAN 
and  om- dipyridiL  she  developed  an  allergic-type  reaction  to 
seafood  that  disappeared  when  she  was  not  working  wiA 
diese  substances.  She  eventually  developed  a  rash  on  the 
fingers  of  her  hand,  leading  to  papules  and  vesicles,  which 
became  a  tense  Mister.  This  rash  was  thought  to  rqnesent  an 
allergic  response  to  HAN.  In  additioo  to  this  case,  there  are 
several  anecdotal  reposts  which  suggest  that  HAN  may  be  a 
sensitizer.  Although  the  evidence  for  this  is  largely  cir¬ 
cumstantial  in  humans,  it  is  known  that  hydroxylamine  is  a 
poteitt  sensitizer  in  humans  and  animals.^^  As  reported 
below.  LP1846  has  been  shown  to  be  an  effective  sensitizer 
when  applied  topically  to  guinea  pigs. 

In  the  4>year  period  during  which  a  cooperative  U.S. 
Army/lrrdustrymerhcal  surveillance  |»Dgram  has  been  active, 
medical  surveillaiioe  testt  have  not  reported  any  increases  in 
methemogioiMn  values  because  of  LP  exposure.  However, 
few  exposures  wees  fbUowed  up  wi  A  blood  tests.  Recent  data 
indicaiB  that  the  Aneofbiood  collection  in  relation  to  the  time 
of  exposure  is  ImpoftatrL^^  Thus,  some  cases  of  elevated 
methemoglobin  could  have  been  missed  if  the  blood  was  not 
examined  asAe  time  maximum  methemoglobin  levels  would 
be  expected.  This  is  especially  inqxmam  in  cases  where 
individuls  wariied  exposed  areas  wiAin  several  hours  after 
exposure. 

Toxicology 

brterestmtfaBAxiciqrofLPbeganintheearly  1980s.  At 
that  tiroe,  studies  wiA  the  earlier  fnmulation  LP184S 
(63.2:2a0:16.8  [v/v]  HANzTEANrwater)  began  at  the  U.S. 
Army  Envinxenental  Hygiene  Agency  (USAEHA).  Because 
HAN  isthemajorooitiiAutor  A  the  hmlA  effects  of  LP,  and 
because  the  formulations  of  LP1843  and  LP1846  are  quite 
sitnilar,  all  three  an  being  considered  in  the  assessment  of  the 
heahh  tisks  associated  wiA  the  current  LP  ft»mulation.  A 
brief  sumraaty  of  studies  conducted  wiA  these  formulations 
is  given  below. 

Genotoxidly 

HAN  was  tasted  by  the  Snbnofielle^Ames  assay  wiA  and 
withoaa  metabolic  acdvation  systems  m  five  tester  strains.  It 
was  negativu  in  all  caaes.^^^  Shnilariy.  HAN  was  not  muta¬ 
genic  in  As  mHotk  gene  conversion  assay  wiA  5^- 
oberaerjocs  otrsvfalne,  A  test  for  the  dominant  lethal  effect. 
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TABLE  L  LDso  Vahiaa  of  HAN  In  Rata,  Rabbita,  and  Mica 
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37 

Data  ftDm  AaaW  at  aL*'')  and  Matkw  at  aL*'^ 


petfonned  in  CF-1  mice,  revealed  no  evidence  of  genetic 
damage  to  the  sperm  that  could  affect  either  fertility  or 
survival  of  the  fetus.^^  TEAN  is  also  negative  in  the  Ames 
Saimonella  assay 

LP1846  was  negative  in  an  in  vitro  rat  hepatocyte  DNA 
rqjair  assay  (unscheduled  DNA  synthesis)^  and  the  Chinese 
luunster  ovaiy/hypoxanthine-guanine  phosphoiibosyl  trans¬ 
ferase  (CHO/HGPRT)  assay.  Results  of  tests  of  the  clas- 
togenic  potential  of  LP 1 846  in  CHO  cells^*^  were  considered 
to  be  incoiKlusive  because  only  the  highest  dose  tested  in¬ 
duced  chromosomal  aberrations.  The  results  were  further 
confourtded  by  the  low  pH  of  the  final  cell  suspension  because 
pH  extremes  can  cause  chromosome  breaks. 


Acute  Effects 


The  toxicity  of  HAN  varies  markedly  among  different 
species;  the  oral  LDso  is  nearly  an  order  of  magnitude  lower 
in  rabbits  than  in  tats  (Table  0.^*  LDso  studies  in  rabbits 
also  showed  that  HAN  is  equally  toxic  by  dermal  and  oral 


exposure. 


LP  is  a  strong  skin  and  eye  irritatu.  Introduction  of 
LPl 846  into  rabbit  eyes  produced  iritis,  conjunctival  redness, 
chemosis,  and  comeal  opacities  that  lasted  for  up  to  1  week. 
Washing  the  eye  30  seconds  after  application  of  LP1846 
eliminated  the  comeal  opacity  and  reduced  the  duration  and 
severity  of  the  iritis,  chemosis,  and  conjunctival  redness. 
Washing  at  10  seconds  after  application  further  reduced  the 


severity  and  duration  of  these  symptoms,  but  signs  of  ocular 
irritation  were  still  present^*^'**^ 


Sensitaation 

HAN^’  mid  were  tested  in  standard  skin 

sensitization  studies  in  Hartley  guinea  pigs.  Negative  resultt 
were  obtained  when  0.1%  HAN  was  administered  by  ii>- 
tradermal  injectioa  However,  positive  results  arere  obtained 
adten  animals  amte  treated  topically  anth  undiluted  LP1846. 
Hie  latter  results  ate  in  accord  anth  reports  described  above 
of  allergic  contact  dermatitis  in  humans  exposed  to  LP.  The 
sensitization  brought  about  by  LPl 846  may  be  related  to  die 
presence  of  hydroxylamine,  a  potent  skin  sensitizer  in 


humans  and  animals,^^  and  to  ttiethyiamine,  which  has  also 
been  reported  to  be  a  skin  sensitizer.^*^ 

Systemic  Effects 

Oral  Exposure:  Single  Oose 

The  primary  knoam  systemic  effect  of  LP  is  the  produc¬ 
tion  of  methemoglobin  which  appears  in  the  blood  soon  after 
oral,  inhalation,  or  demul  exposure.  Studies  in  beagle  dogs 
demonstrated  that  methemoglobin  becomes  elevated  rapidly 
after  ingestion  of  LP184S,  HAN  and  hydroxylamine 
hydrochloride^’^ (Figure  2).  Medwmoglobin  increased  to 
approximately  50%  within  U  to  2.5  hours  after  administra¬ 
tion  of 400  mg/kg  LP184S  (Figure  2A).^’^  A  simiiar  pattern 
was  seen  with  240 mg/kg  hydroxylamine  hydrochloride  (Fig¬ 
ure  2B),  although  with  hydroxylamine,  methemoglobin 
reached  maxinuim  levels  later  than  with  HAN.  The  sig¬ 
nificance  of  this  difference  cannot  be  determined  because  of 
the  small  number  of  dogs  used  in  this  study. 

The  rise  in  methemoglobin  corresponded  with  a  drop  in 
Pb2  in  dogs  treated  with  all  three  substances  (Figure  3).  In 
addition,  LP1845  and  HAN.  but  not  hydroxylamine.  caused 
a  severe  progressive  decrease  in  systemic  blood  pressure 
(Figure  4).  This  response  was  presumed  to  be  due  to 


FIGURE  2.  Mon  neiiiaraoiiotiin  vahiet  aner  onl  adnuniitniioa  of  ( A)  400 
iB|/kg  LPl  MS  V  (B)  240  rngAf  HAN  or 240 ng/kg  hydroxylMiiiM  10  dogs. 
Dms  from  Hadar  m  iL^*” 
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ikm  of  400  mi/lcg  LPIMS 10  dogL  Dm  from  Maker  ct 


peripheral  vasodilarion  resulting  from  the  high  nitrate  content 
of  these  materials.^*^  The  result  for  hydroxylamine  in  Figure 
4  are  in  apparent  conflict  with  a  report^*^  which  showed  that 
bolus  intravenous  doses  of  hydroxylainine  hydrochloride 
produced  transient,  precipitous  falls  in  mean  arterial  blood 
pressure. 

Oral  Exposure:  Repeated  Oose 

HAN  was  administered  by  gavage  to  groups  of  six  male 
New  Zealand  White  rabbits  in  doses  of  1 , 5,  and  23  mg/kg/day 
for  21  consecutive  days.  The  most  notable  findings  at  the  end 
of  the  test  period  were  spleen  enlargement  and  anemia.^’*^ 

Inhalation  Exposure 

Male  and  female  rats  and  male  beagle  dogs  were  exposed 
to  aerosolized  HAN  6  hours/day,  3  daysAveek  for  13  weeks 
at  concentrations  of  33,  100,  or  300  mg/m^.  Dose-related 
effects  occurred  in  both  species  and  were  characterized  in  rats 
by  weight  loss  and  spleen  and  liver  enlargement.  In  dogs, 
respiratory  irritation,  blood  dyscrasia,  and  elevated  methemo- 
globin  were  the  major  toxic  effects.  Minimal  effects  were 
observed  at  the  lowest  dose.^*^^ 

Dermal  E^^iosure 

LP  is  a  strong  skin  irritant  A  single,  topical  application 
of  LP1846  to  the  skin  of  Hanford  miniature  swine  causes 
erythema  within  several  hours.  By  24  hours  after  application, 
the  erythema  and  edema  are  severe.  Within  24  to  48  hours, 
diere  are  extensive  vesicles  and  papules.  A  sutfooe  crust 
begiru  to  form  by  day  4,  and  healing  is  complete  widiin  2 
weeks.^^^ 

The  histopathologic  effects  of  repeated  applicarion  of  LP 
on  rabbit  skin  have  been  described  as  "ulcerative  dermatitis” 
with  "marked  necrosis  and  lou  of  epidemUs.”  Histopatho¬ 
logic  examiruttion  revealed  "intense  acute  and  chronic  in¬ 
flammatory  infiltrates  extending  from  the  base  of  the 
epithelial  necrosis  into  foe  dermis.  Often,  there  was  superfi¬ 


cial  crusting  composed  of  necrotic  cellular  debris  and 
keratin, 

Single-  and  repeated-dose  dermal  studies  have  shown 
that  LP  and  HAN  readily  penetrate  foe  skin  to  produce 
characteristic  systemic  effects.  In  a  study  in  rabbits,  HAN  arxl 
LP  were  repeatedly  applied  to  the  skin  for  21  days.  The  test 
material  was  applied  in  six  doses  ranging  from  0.7  to  1 1.7 
mg/kg,  and  treated  areas  were  covered  wifo  a  norxxxlusive 
patch.  The  higher  doses  caused  erythrocyte  destruction, 
Hdtu  body  formation,  anemia,  and  ^leenenlarspnem.  Der¬ 
ma!  necrosis  was  observed  at  all  doses  tested.^*^ 

Recent  dermal  studies  using  the  Hanford  miniature  pig 
were  designed  to  simulate  potential  human  accident  scen¬ 
arios.  In  foe  first  of  these  studies,  LP1846  was  applied  to  15% 
of  the  body  surface,^*^  assuming  this  would  be  the  skin  surface 
contacted  if  sufficient  LP  was  spilled  on  a  soldier  to  cover  the 
front  surface  of  the  body  below  the  waist  LP  was  applied 
directly  to  foe  skin  of  two  pigs  with  foe  use  of  a  cotton  sponge. 
Two  other  pigs  received  the  same  volume  of  material  on  a 
swatch  of  battle  dress  uniform  fabric.  In  foe  latter  case,  foe 
skin  was  lightly  tubbed  with  the  swatch  for  3  minutes  to 
produce  mild  abrasion  and  the  swatch  was  held  in  place  wifo 
a  porous  elastic  patch  for  24  hours. 

All  four  animals  were  listless  and  had  pale  mucous 
membranes  by  24  hours  after  treatment  At  24  hours,  LPl  846 
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FIGUltE  4.  Mm  Mood  pwoww  (bOowiiig  oral  ahniniaraioii  of  (A)  400 
■gAg  LPl  S4S  or  (B) 240 mtAg  HAN  or 240  mfAg  hyAosytaniiw  10  dogk 
DMBftaBMMte«aL<”> 
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FIGURE  1  MetbeniogMiia  leveii  ia  twine  irealBd  deraiiily  with  two  tacoetiive  dotes  of  LP184&  Dmb 
tknnWdleretaL'" 


was  reapplied  to  the  same  skin  area  by  the  same  technique 
used  in  die  initisl  treatment  Approximtuely  8  hours  later,  all 
four  animals  were  moribund,  markedly  cyanotic,  tachypneic. 
and  vomiting.  Medietnoglobin  levels  reached  about  20% 
after  the  first  treatment  and  rose  to  about  63%  after  the  second 
treatment  (Hgure  3).  Heinz  bodies  were  present  in  nearly 
100%  of  the  erythrocytes  within  16  hoin  after  the  fint 
exposure.' ' 


Further  studies  with  Hanford  miniature  swine  showed 
that  the  methemoglobin  response  is  positively  related  to  the 
tqrplied  dose.^^^  Figure  6  shows  the  mean  methemoglobin 
levels  in  groups  of  animals  that  received  a  range  of  doses. 
Animals  were  treated  with  undiluted  LP1846  on  0%,  1%,3%, 
10%,  and  13%  of  dieir  body  surftKe.  Methemoglobin  levels 
were  unchanged  with  1%  LP1846  (the  no-effect  level)  but 
increased  positively  with  higher  doses. 
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A  recent  study^  cleariy  demonstiaied  that  rinsing  the 
skin  within  sevetal  houn  after  exposure  effectively  reduces 
the  severity  of  skin  lesions  and  reverses  the  methemoglobin 
leqxmse.  b  this  work,  undiluted  LPl 846  was  applied  to  10% 
of  the  body  surface  of  Hanford  miniature  swine.  Hie  skin 
lesions  were  minimal  if  treated  areas  were  rinsed  widiin  4 
hours  after  exposure.  Some  vesicles  formed  if  the  skin  was 
rinsed  8  hours  after  exposure,  but  the  severity  of  these  lesions 
was  much  less  than  th^  of  unwashed  controls.  The  effect  of 
rinsing  on  methemoglobin  levels  is  shown  in  Figure  7. 
Methemoglobin  levels  began  to  decline  inunediately  after 
rinsing  if  the  skin  was  rinsed  at  any  time  up  to  8  houn  after 
treatment  (longer  time  periods  were  not  examined).  For  ex> 
ample,  methemoglobin  levels  were  up  to  about  S  J%  before 
the  wash  at  8  hours.  Although  the  levels  rose  steadily  to  about 
1 3%  by  day  3  in  unwashed  controls,  they  were  reduced  to  3% 
by  24  hows  and  were  noiiiMl  by  4  days  after  treatment  in 
rhised  animals. 

Exposur*  AsMMiMnt 

The  design  of  the  weapon  system  has  evolved  con* 
tinuously  since  the  begiiuiing  of  this  project,  and  as  a  result, 
the  developer  is  currently  working  on  the  third*generation* 
use  scenaria  Interactions  between  the  developer  and  health 
specialists  at  USABRDL  have  led  to  identification  of  critical 
processea/opetadona  where  exposure  potential  could  be  sig¬ 
nificant.  The  weapons  system  design  has  been  refined  to 
reduce  or  eliminate  these  nodes.  The  use  scenario  incor¬ 
porates  the  entire  logistics  system  (Rgure  8).  Among  the 


more  important  safety  aspects  considered  in  the  use  scenario 
are  the  types  of  materials  that  can  be  safely  used  for  LP 
storage  a^  transfer.  These  materials  must  be  compatible  with 
LP  in  order  to  prevent  degradation.  Degradation  products 


FKHJRE  k  LiqM  fM  pnpellitt  cycle.  Folkwiai  tanalaiiaa.  pnpdtani 
■qr  aeove  bemMD  boiai  as  iadIciiBd. 
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(e.g.,  nitric  acid)  may  preclude  use  of  LP  as  a  propellant  and 
may  also  increase  the  toxicity  of  the  propellant.  Mechanisms 
for  liquid  transfer  have  been  devised  that  can  reduce  the 
requiiemeitt  for  manual  activity.  Operations  that  involve  a 
hi^  potential  for  liquid  spills,  such  as  the  gun  breech 
mechanisms,  have  been  automated  and  isolated  from  the  crew 
as  much  as  possible. 

Data  Roquiramants  for  Risk  Asseasinont 

The  basic  elements  being  considered  in  the  risk  assess¬ 
ment  of  LP  are  shown  in  Table  IL  Three  of  these  elements 
(skin  damage,  methemoglobin  production,  and  ted  blood  cell 
destruction)  are  the  ttujor  health  effects  of  LP.  The  remaining 
elements  represent  the  mechanisms  by  which  exposure 
produces  these  health  effects.  The  following  simplified  der¬ 
mal  exposure  formula,  taken  from  the  U.S.  Environmental 
Protection  Agency  (EPA)  Superfund  Matuial,^^*^  contains 
most  of  the  critical  elerrients  associated  witH  exposure  via  the 
dermal  route: 

DEX-UxAVxCxPCxFxl  L/1000cm^ 

♦  BW  ♦  2.56  X  lO** days/lifetime 

where:  DEX  »  estimated  dermal  exposure  (mg/kg/day) 
te  s  duration  of  exposure  (hrs/event) 

AV  «  skin  surface  available  for  contact  (cm^) 

C  at  contamiruuit  concentration  in  water 
PC  s  denrud  permeability  constant  for  the  sub¬ 
ject  contamiruuit  (cm/hr) 

F  «  frequency  of  exposure  events  per  lifetime 
BW  s  average  adult  body  weight  (70  kg) 

1  L/1000  cm^  s  volumetric  conversion  constam  for  water 

In  the  case  of  LP,  data  for  two  components  of  this  model, 
duration  and  frequency  of  exposure,  are  being  developed  by 
the  weapons  developer.  When  the  fiequency  and  duration  of 
potential  exposures  have  been  address^,  external  dose  must 
be  estimated.  EPA  has  conducted  studies  demonstrating  that 
film  thickness  represents  a  reasonable  upper  boundary  on  the 
degree  of  skin  exposure  that  could  occur  because  the  excess 
will  run  off.^^^  ^ploration  of  film  thickness  properties  of 
LP,  adjusted  by  the  affected  surface  area,  may  provide  a 
reasonable  approach  to  estimates  of  external  dose  resulting 
from  a  qiill  incident. 

A  number  of  mechanisms  for  skin  injury  and/or  dermal 
penetration  have  been  proposed.  Classical  dermal  penetration 
nnodels  for  many  subsriuices  ate  based  upon  affinity  with  lipid 
materials  in  the  stratum  comeum.  Most  models  of  dermal 
penetration  use  the  octanol/water  partition  coefficient  u  an 
index  of  lipid  solubility.  LP,  however,  cannot  depend  upon 
lipid  solubility  as  a  route  of  entry  because  HANandTEAN, 
wtudi  ate  ionized  at  die  pH  of  the  skin  surfece  (pH  S),  reside 
almost  exclusively  in  the  aqueous  phase. 

Other  procedures  for  predicting  dennal  irritation  use  die 
pK«  or  acid  dissociadoR  constat:*.  Berner  et  showed 


TABLE  n.  OutHiw  of  Data  Requiraments 
for  RIak  Aiseesment 

•  Exposure 

•  Dennal  penetration 

Mschflfiisfns 
Pi0>tD-fflan  exftpolation 

•  Dermal  brttalion  (end  point) 

AMVWmOQNXxn  pfDauciion 

Mgchsnitfns 
Pip-to-nian  extrepolalion 

A  ■  ■  lA  I  nil  n  n 

MOTWlllOQKilMn  iWUCIKin 

Mechanism 

Pig-to-man  extrapolation 

•  Methemoglobin  level  (end  point) 

•  RBC  destruction  and  Heinz  body  formation  (end  point) 


diat  a  pKa  greater  than  8  or  less  than  4  is  highly  predictive  of 
acute  skin  irritation  for  acids  and  bases  in  man.  This  is  of  less 
importance  for  HAN  and  THAN  whose  pKa  values  are  5.96 
and  7.76,  respectively. 

A  further  line  of  inquiry  for  the  mechanism  of  skin 
penetration  by  LP  is  to  explore  the  route  of  entry  through 
direct  destruction  of  the  stratum  comeum  and  other  superfi¬ 
cial  layers  using  nitric  acid  as  a  model.  (Nitric  acid  is  a 
common  manufacturing  contaminant  in  LP.)  Most  work  pub¬ 
lished  in  this  area  focused  on  the  relationship  between  the 
strength  of  the  acid  and  the  degree  of  necrotic  tissue  develop¬ 
ment  There  are  some  data  on  the  association  between  the  size 
of  the  lesion  and  the  increase  in  methemoglobin. 

Skin  damage  may  also  be  caused  by  hydroxylamine  or 
other  breakdown  products  of  HAN,  which  is  unstable  at 
physiological  pH  Oie  such  product  ammonia,  is  known  to 
produce  skin  blisters.  Hydroxylamine  can  cause  necrosis,  and 
as  described  above,  its  ability  to  produce  methemoglobin 
correlates  with  the  observed  effects  of  contact  with  LP. 

(Current  swine  demal  studies  ate  examining  the  mor¬ 
phologic  and  histologic  changes  brought  about  by  LP. 
Destruction  of  the  stratum  comeum  is  probably  related  to 
denaturatioR  of  protein  by  reducing  and  oxidizing  ions  in  the 
LP  mixture  such  as  nitrate.  Butler  showed  that  hydroxylamine 
can  cleave  the  peptide  bonds  (asparagine-glycine)  in  col- 
lagea^ 

Hie  studies  in  swine  will  serve  as  the  basis  for  continuing 
work  on  the  risks  associated  with  exposure  to  LP.  Inherent  in 
this  work  is  the  assumption  that  swine  can  serve  as  an  ap¬ 
propriate  model  for  LP  skin  penetration  and  methemoglobin 
production  in  hutruuis.  There  ate  sufficient  data  in  the  litera¬ 
ture  to  support  use  of  swine  as  a  model  for  the  production  and 
reduction  of  human  methemoglobirL  A  few  examples  are 
offered  for  illustration  (Table  m).  In  1965,  Rivkin  and 
Simon^  incubated  nitrite-treated  ted  blood  cells  with 
various  substrates.  The  mediemoglobin  reduction  rates  were 
similar  between  human  and  pig  cells  in  lactate  and  plasma. 
The  enzyme  responsible  for  reductian  of  mediemoglobin  in 
mammalian  erythrocytes  is  nicotinamide  adenine  dinucleo- 


Activity  (•.u  Jg  Hb) 
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TABLE  HI.  Matabollam  of  Pig  Eryttifocytaa  Mathamotfobln  naduetfon  In  Intact 
RadCaHa 


Human 

a2S.O. 

nMg 

Hemoglobin/hr 

Pig 

i2S.D.^ 

Subairatss 

Plaaim 

1.3 

(2) 

1.8 

0.84(8) 

QkiooM 

1.1 

0.46(8) 

0.5 

(4) 

Lactaia* 

1.3 

(1) 

2.0 

(2) 

Lactala 

1.1 

(1) 

1.1 

0J0(5) 

knaina 

1.3 

0.46  (^ 

1.6 

(2) 

Rboaa 

— 

0.7 

(1) 

Buffar 

0.2 

(1) 

0.34 

(4) 

SubalralM  wHh  mathylana  falua  (MB) 

RC 

flC 

- 

ntifM 

2.0 

0) 

1.2 

OhiooM 

13.2 

2.2(8) 

12 

0.8 

(2) 

1.6 

Lactala 

1J 

(1) 

1.2 

ram 

1SJ 

3.7(8) 

12 

6J 

(2) 

4.0 

Rboaa 

0.05 

(1) 

1.4 

Butfar 

0.5 

(1) 

1.5 

Plaama-f  inoaina 

6.6 

(1) 

3.3 

*Latfats  oonosntralian  20  iiAaml;  afl  other  substrata  oonosmraiions  10  iiAIM. 
‘^-wNhMBi-wNtioutMB. 

Souioa:  RMdn  and  Simon.**’ 
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tkle-Iinked  methemoglobin  fcductase.  In  Figure  9,  the  reduc¬ 
tase  activities  of  several  species  were  measured  in  hemo- 
lysate;  pig  and  human  activity  were  comparable.^  In  Table 
IV,  activities  of  two  different  foims  of  reductase  found  in  both 
pig  and  human  were  compared  and  found  to  be  equivalent^^ 
These  illustrations  indicate  that  close  parallels  can  be  estab¬ 
lished  between  the  kinetics  of  methemoglobin  foimation  and 
reduction  in  pig  and  man.  The  data  from  the  literature  will  be 
compared  widi  methemoglobin  formation  and  reduction  in 
the  LP  studies  to  establish  appropriate  coefficients. 

The  final  step-in  the  assessment  of  risk  will  be  to  deter¬ 
mine  standards  appropriate  to  the  observed  end  points  and  to 
evaluate  the  desirability  of  developing  field-expedient  first 
aid  measures  for  accidental  exposures.  Dermal  irritation  aixl 
lesion  formation  should  be  classified  by  a  military  clinical 
physician  or  dermatologist  in  terms  of  levels  of  injury  requir¬ 
ing  self-treatment,  treatment  by  a  field  medic,  or  evacuation 
for  ho^italizatioa  The  value  of  methemoglobin  as  an  end 
point  for  assessing  toxic  effects  in  exposed  humans  will  also 
be  examined.  There  appears  to  be  some  confusion  in  the 
literature  about  the  debilitating  effects  of  methemoglobin; 
older  rqports  draw  parallels  with  carboxyhemogiobirL  Unlike 
carbon  monoxide-induced  carboxyhemoglobin.  hydroxyl- 
amine  has  been  reported  to  not  only  produce  methemoglobin 
but  also  sulfliemoglobin  atvl  vasodilation.^*^  There  is  no 
definitive  agreement  on  the  significance  of  Heiiu  body  for¬ 
mation  for  exposures  of  short  duration. 


Summary 

An  approach  to  the  development  of  data  to  support  a  risk 
assessment  on  a  q)ecific  military  application  of  LP  has  been 
described.  The  derivation  of  data  for  each  of  die  categories 
described  includes  uncertainty  associated  with  each  of  the 
variables.  What  is  unique  to  diis  exercise  is  that  health  risk  is 
being  assessed  for  a  system  still  in  the  plaruiing  stages,  and  it 
will  play  a  major  role  in  determining  whether  to  progress  with 
the  use  of  the  LP  concept 
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Spedaa 
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S.E.M. 
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«  » - 
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The  foUowing  is  the  abstract  of  the  presentation  by  Mr. 
Gardner  and  Mr.  Stachiw.  Their  paper  was  fior  avaUable  for 
piMication  at  Ms  time. 

Ramedtation  of  historical  contamination  of  the  environ¬ 
ment  at  various  Department  of  Defense  sites  is  requiring  the 
expenditure  of  increasing  resources.  Many  of  these  sites  are 
contaminated  with  very  oompiox  mixtures  of  chemicals  repre¬ 
senting  a  variety  of  chemical  dasses.  These  chemicals  and 
their  degradation  by-products  often  present  a  formidabie 
hazard  idantification  problem  that  seilouaiy  challenges  the 
principles  of  the  dassicai  risk-based  calculation  approach. 
The  U.S.  Army  Biomedical  Research  and  Developmant 
Laboratory  (USABRDL)  has  been  developing  an  Inta^ted 
Biological  Assessment  means  for  assessing  the  hazards 
posed  by  such  sitss. 

Integrated  Biological  Assessment  is  the  result  of  carefully 
selected  in  vivo  toxicity  assays,  in  viro  assays,  and  chemical 
analyses  of  spedfic  surface  or  ground  waters  conducted 
ort-sits  in  a  mobile  laboratory.  To  assess  the  potential  chronic 
hazard  posed  by  a  ground,  effluent  or  surfeoe  water,  a  new 
bioassay  using  two  spades  of  small  fish  has  been  developed. 
These  vertebrate  animals  share  many  anatomical,  biochemi¬ 
cal,  and  genetic  characteristics  with  mammalian  animals.  The 
animals  are  exposed  to  a  variety  of  concentrations  of  the  test 
water  and  are  then  sacrifioed  and  examined  for  evidence  of 
Mstopathological  anomalies.  The  opportunity  to  perform  an 
on-site,  chronic  bioassay  on  the  complex  mixture  of  interest 
employing  several  thousand  vertebrate,  nonmammalisn 
animals  remains  a  compefling  advantage  of  this  new  bioas- 
say. 

Developmental  toxidty  of  test  waters  is  assessed  using 
an  amphftiian  embryo  assay.  The  Frog  EmbryoTeratogenidty 


Assay  Xenopus  (FETAX)  has  been  refined  with  USABRDL 
supp^  This  method  allows  one  to  determine  the  develop¬ 
mental  hazard  of  test  waters  by  exposing  frog  embryos  to 
varying  concentrations  of  the  material  of  concern.  The  FETAX 
assay  allows  both  the  determination  of  potential  human 
hazaTO  as  well  as  the  assessment  of  ecological  (amphibian) 
impad  with  the  same  data  sat 

Mutagenicity  assays,  acuta  aquatic  organism  toxicity 
tests,  and  routine  chemicat  analysis  are  also  simultaneously 
conducted  on  the  water  of  interMt  affording  a  powerful  in¬ 
tegrated  assessment  of  hazard.  This  measure  can  be  used  to 
prioritize  sites  for  remecflation;  compare  pretreatment  water 
with  posttreatmant  water,  yielding  insights  into  remediation 
efficacy;  and  provide  longterm  monitoring  data  for  tracking 
trends  in  the  potential  hazards  assodatad  with  contaminated 
environmentai  sites. 

initial  applications  of  the  Integrated  Biologicai  Assess¬ 
ment  appro^  are  being  pursued  at  Aberdeen  Proving 
Ground,  Maryland.  This  site  affords  a  number  of  opportunities 
to  conduct  this  research  in  an  extremeiy  challenging  opera¬ 
tional  scenario. 

Disctaimw 

The  views,  opinions,  and/or  findings  contained  in  this 
report  are  those  of  the  auttiorfs)  and  should  not  be  construed 
as  official  Department  of  the  A^  position,  policy,  or  decision, 
uniees  so  designated  by  other  official  dodsnentotion. 

Research  was  conducted  in  compliance  with  the  Animal 
Welfare  AcL  and  other  Federal  statues  and  regulations  relat¬ 
ing  to  animals  and  experiments  involving  animals  and  adheres 
to  principles  stated  in  the  Gtnda  tor  lha  Cara  and  Usa  of 
LsboraloryMmMa,  NIH  publication  86-23, 1985  edition. 
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Chemical  Industry  Institute  of  Toxicology,  Research  Triangle  Park,  Nmth  Carolina  27709 


Dose-response  characterization  in  the  risk  assessment 
process  for  chemical  carcinogens  entails  extrapolation  of  tis¬ 
sue  dosimetry  and  tumor  response  seen  at  high  exposure 
concentrations  in  test  animals  to  humans  exposed  to  much 
lower  concentrations.  The  difficulty  in  predicting  the  potential 
human  tumor  incidence  arises  from  intsrspedes  differences 
in  tissue  susceptibility  and  from  the  dose,  species,  and/or 
exposure-route  dependency  of  chemical  disposition.  These 
extrapolations  are  usually  conducted  with  "mandated* 
mod^,  a  linearized,  multistage,  cancer  model  for  low-dose 
extrapolation  and  a  body  surface  or  body  weight  correction  for 
interspedee  extrapolation.  In  recent  years,  there  have  been 
several  attempts  to  provide  an  increasing  level  of  biological 
realism  to  these  extrapolation  models.  Biologically  based 
dosimetry  arKf  response  modeling  approaches  enaM  iden¬ 
tification  and  characterization  of  critical  determinants  of 
chemical  disposition  and  tissue  response  and  form  a 
mechanistic  basis  for  dose,  species,  and  exposure-route  ex- 
trapoiations.  This  paper  briefly  outlines  the  utility  of  biologically 
ba^  models  in  predicting  tissue  dosimetry  and  response 
and  provides  an  example  of  the  use  of  biologically  based 
dosimetry  models  in  cancer  risk  assessment  for  methylene 
chloride. 

Introduction 

Risk  assessment  is  the  process  of  detemiiniiig  the  prob¬ 
ability  and  magnitude  of  adverse  health  efiectt  associated 
with  human  exposure  to  chemicals.  The  process  of  risk  as¬ 
sessment  is  conducted  in  four  parts:  hazard  identiiicatioa, 
exposure  assessment,  dose-resjxmse  assessment,  and  risk 
characterization.^*^  Once  a  substance  is  identified  as  hazard¬ 
ous,  the  health  risks  associated  with  human  exposure  to  that 
chemical  are  characterized  by  combining  quantitative  infor- 
madon  on  its  exposure  levels  and  dose-response  relationship. 
The  dose-response  assessrnem  provides  the  critical  piece  of 
infonnation;  namely,  the  nature  and  extent  of  adverse  health 
effects  associated  with  chemical  exposure.  This  process  in¬ 
cludes  the  extrapolation  of  response  incidence  rates  observed 
at  high  doses  to  those  expected  at  low  doses  in  test  anirtuds 
and  the  extrapolation  of  toxkologicaliy  equivalent  dose  from 
test  animals  to  humans. 

hiconventionalcancerriskassesstnent,thehigh-to>low- 
dose  extrapoladon  is  performed  using  a  linearized,  multistage 
model,  and  interapecies  extrapolation  is  conducted  usinga 
conversion  firotor  based  on  boify  weight  (BW),  usuaUy  BW^ 


or  BW*.^^  The  former  is  considered  as  scaling  on  the  basis 
of  body  surface,  whereas  the  latter  is  direct  body-weight 
scaling.  In  general,  these  "mandated"  extrapolation  ap- 
I»oaches  are  used  regardless  of  knowle^e  of  the 
mechanisms  of  disposition  and  toxicity  of  chemicals.  The 
uncertainties  associated  with  the  conventional  dose-response 
assessment  can  be  reduced  with  a  mechanistic  utxlerstanding 
of  the  disposition  and  action  of  chemicals.  This  can  effective¬ 
ly  be  performed  with  the  development  of  biologically  based 
models  for  tissue  dosimetry  and  tissue  response. 

Biologically  BasarJ  Dosimatry  Itodals 

Biologically  based,  tissue  dosimetry  modeling  involves 
the  developmeitt  of  integrated  mathematical  descriptions  of 
the  complex  interplay  of  physiological  and  chemical-specific 
factors  involved  in  the  uptake  and  disposition  of  chemicals, 
hi  this  approach,  the  body  is  divided  into  a  number  of  tissue 
compartments,  characterized  with  ^ipropriate  blood  flow  and 
solubility  characteristics  (Figure  1).  When  blood  flow  is 
rate-limiting  for  tissue  uptake,  tissues  are  described  as 
homogeneous,  well-mixed  companments.  If,  however,  dif¬ 
fusion  is  rate-limiting,  both  tissue  blood  and  cellular  matrix 
are  described  separately.  The  rate  of  change  in  the  amount 
of  chemical  in  these  subcompartments  is  described  by  a  set 
of  mass  balance  differential  equations  of  the  following  form: 

For  tissue, 

Rata  of  change  in  the  amount  of  chemical 
in  tissue  matrix  - 

Net  tissue  flux  from  blood 

*  Rato  of  formation 

-  Rate  of  metabolism 

-  Rate  of  dearanos  (1) 

For  Mood  in  tissue. 

Rata  of  change  in  the  amount  of  chemical 
inbiood- 

Nat  flux  from  tissue 

*  Net  retention  from  blood  flow  (2) 

If  the  diffusion  from  blood  to  tissue  is  slow  with  tespea 
to  total  tissue  blood  flow,  both  equations  are  necessary.  If 
blood  flow  is  slow  with  respect  to  diffusion,  these  two  equa¬ 
tions  reduce  to  a  single  equation  to  describe  the  rate  of  change 
in  amount  of  chemical  in  whole  tissue  truss. 
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Rata  of  change  in  the  antount  of  chemical 
in  tissue* 

Qt(Ca  -  Cvt)  4^  Rats  of  formation 

-Rato  of  metabolism 

-Ratoofdeafanoo  (3) 

where:  Qts  rate  of  Mood  flow  to  tissue  ”t”(Ulir) 

Caaconcentntioo  of  chemical  in  arterial  blood 
(mg/L) 

Cvt  a  concentration  of  chemical  in  the  venous  blood 
leaving  the  tissue  (mg/L) 

Then,  the  effluent  venous  blood  concentration  is  in  equi> 
librium  with  the  total  tissue  concentration  (Ct)  as  specified  by 
the  tissue:blood  partition  coefficient  (Pt),  such  that  Cvt  * 
Ct/Pt  Rate  of  formation  in  these  equations  represents  the  rate 
of  appearance  of  a  chemical  in  the  tissue  through  biotranslbr- 
mation  of  a  precunor.  The  metabolism  term  represems  lou 
of  the  substance  because  of  chemical  reactions.  Clearance,  as 
specified  in  these  equations,  corresponds  to  the  loss  of  the 


iiaact  chemical  from  the  tissue.  Examples  include  bUiaiy  or 
urinary  excretion. 

The  effluent  blood  from  all  organs  mixes  in  the  venous 
blood  compartmem  yielding  a  mixed  verwus  blood  con¬ 
centration  (Cv).  Witt  a  volatile  chemical,  an  algdmic 
relationship  can  be  used  to  describe  the  equilibration  of 
diemical  between  arterial  Mood  and  alveolar  air.^^  The 
arterial  blood  in  this  model  then  flows  throu^  a  metabolic 
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lung  comoininefit,  if  appropriate,  as  in  the  case  of  mediyleiie 
chloride.^^  Finally,  the  chemical  leaves  diis  lung  tissue  com¬ 
partment  via  the  systemic  arterial  blood  with  concentntioa 
Ca  and  is  delivered  to  all  other  organs  (Figure  2). 

This  type  of  biologically  based  dosimetry  model  has 
been  develop  for  a  number  of  individual  chemicals  and  also 
for  binary  mixtures  Of  chemicals  with  toxicological  proper- 
ties.^^^  The  principal  application  of  the  biologically  based 
dosimetry  models  is  to  predict  target  tissue  dose  of  the  toxic 
patent  chemical  or  its  reactive  metabolite.  Using  the  internal 
dose  of  the  toxic  moiety  of  a  chemical  in  risk  assessment 
calculations  provides  a  better  basis  of  relating  to  the  observed 
toxic  effects  than  does  the  external  or  exposure  concentration 
of  the  parent  chemical.  Because  biologically  based  dosimetry 
models  facilitate  the  prediction  of  target  tissue  dose  in  people, 
they  can  help  reduce  the  uncertainty  associated  with  the 
conventional  extrapolation  procedures.  Such  an  application 
has  been  dertMnstrated  with  dkhloromethane,^^  which  is 
discussed  below. 


Biologically  Based  Dosimetry  Models 
in  Risk  Assessment:  An  Example 


DkhkMometharte  (CH2CI2:  methylene  chloride;  DCM), 
caused  liver  and  lung  tumors  in  mice  exposed  at  2(XX)  or  4(XX) 
ppm,  6  hom/day  for  their  lifetime.^^  DCM  is  metabolized 
by  two  processes:  1)  oxidation,  leading  to  the  production  of 
highly-teactive  formyl  chloride,  as  well  as  carbon  monoxide 
and  small  amounts  of  carbon  dioxide  and  2)  glutathione 
(GSH)  conjugation,  yielding  chloromethyl  glutathione, 
another  reactive  intermediate,  and  carbon  dioxide  as  an  end 
producL^^^  Either  of  the  reactive  metabolites  resulting  from 
oxidation  or  GSH  conjugation  could  be  involved  in  the 
mutagenic  changes  leading  to  cancer.  In  the  biologically 
baaed  dosimetry  model  for  DCM,  these  metabolic  pathways 
were  described  according  to  their  different  kinetic  charac¬ 
teristics.  DCM  metabolism  in  lung  and  liver  was  described 


with  a  saturable  term  for  oxidation  ( Vmax,  Km)  and  a  linear 
term  (Kf)  for  reaction  witii  Thus, 


Rata  of  DCM  metabolism  - 


VmaxxCvt 

(Km-^Cvl) 


KfxCMxVt 


(4) 


where:  Vmax  «  maximum  enzynuttic  reaction  rate  for 
oxidation  (mg/lv) 

Km>  Mkhaelis  constant  for  oxidation  (mg/L) 
Kfa  first-order  rate  constant  for  glutathione 
conjugation  (per  hour) 

Vta  volume  of  the  tissue  (L) 


At  low  exposure  concentrations  (Km  >  >  Cvt),  the  effective 
rate  constant  for  oxidation  (Vmax/Km)  is  nearly  100-fold 
higher  than  diat  for  GSH  conjugation  (Kf).  The  biologically 
based  dositnetry  model  predicts  that  the  tissue  exposure  to 
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metabolites  derived  from  both  these  pathways  would  be 
nonlinear  in  the  exposure  range  of  0  to  4000  ppm  DCM.^^^ 
Oddation  quickly  saturates,  so  its  contribution  is  essentially 
unchanged  from  2000  to  4000  ppm.  With  tire  GSH  pathway, 
tiiere  is  little  contribution  until  the  oxidative  pathway 
saturates  at  about  3(X)  ppm,  then  its  contribution  increases 
linearly  with  increasing  exposure  coiKentration  (Figure  3). 
Tissue  exposure  to  DCM  itself  also  increases  linearly  with 
dose  between  2000  and  40(X)  ppfiL 

When  tumor  itKidence  was  compared  to  the  calculated 
tissue  exposure  to  metabolites  derived  from  these  two  path- 
wajrs  (as  the  amount  of  DCM  metabolized  by  the  path¬ 
way/organ  volume/day).  there  was  a  correlation  of  tumor 
incidence  with  the  GSH  conjugation  metabolites  but  not  with 
the  oxidative  pathway  metabolites  (Table  I)*  Furthermore,  the 
GSH  pathway,  and  not  the  oxidative  pathway,  had  been 
associated  wifo  mutagenesis  in  bacteria,^^  and  more  recently, 
formaldehyde  formed  from  the  GSH  pathway  has  been  shown 
to  react  with  DNA  at  least  in  the  liver  of  the  mouse.^'^^  Based 
on  the  available  body  of  evidence,  the  metabolite(s)  arising 
fiom  the  GSH  pathway  were  believed  to  be  related  to  DCM 
carcinogenesis.  The  subsequem  risk  assessment  for  DCM 
was  then  conducted  on  the  basis  of  the  estimates  of  the  tissue 
dose  of  DCM-GSH  conjugate  predicted  using  the  biological¬ 
ly  based  dosiinetry  model?^^ 

The  target  tissue  dose  of  the  metabolite  arising  from  the 
GSH  pathway  at  low  doses  of  DCM  was  calculated  using  the 
biological  dosimetry  model,  and  its  relationship  to  tumor 
response  was  examined  using  a  linearized,  multistage  model. 
The  high  dose  to  low  dose  extrapolation  of  tissue  concentra¬ 
tions  of  DCM-GSH  metabolite  was  highly  nonlinear  because 
oxidation,  not  GSH  conjugation,  is  favored  at  low  DCM 
exposure  concentrations.  Interspecies  extrapolation  was  also 
carried  out  baaed  on  a  presumption  that  a  similar,  daily,  tissue 
dose  of  DCM-GSH  metabolite  would  give  rise  to  a  similar 
tumor  outcome  regardless  of  the  species.  This  biologically 
baaed  approach  leads  tt>  a  prediction  that  die  human  tissue 
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TABLE  L  Tumor  IncManca  and  CalculatadTlaaua  Boas  of  Dichlofoinattiana 
(Deal)  and  Its  Malabolitaa  Following  Inhalation  Expoatiras  of  0,2000,  or 
4000  ppm  PCM  In  Famala  Mica _ 


DCM 

TisaueDose 

(Amount  in  mj^L  Tlssue/Day) 

Exposure 

Concentration 

Tumor 

Incidence  (%) 

GSH 

Pathway 

Oxidativo 

Pathway 

DCM 

0 

6 

AUVER 

2000 

33 

851 

3575 

382 

4000 

83 

1800 

3701 

771 

0 

6 

B.LUIfQ 

2000 

83 

123 

1531 

381 

4000 

85 

258 

1583 

704 

dose  of  DCM-GSH  conjugate  would  be  significantly  less 
than  that  of  the  mouse  at  equivalent  exposure  concentrations. 
This  conclusion  contrasts  to  tharobtained  by  the  U.S.  En¬ 
vironmental  Protection  Agency  (EPA)  which  estimates  that 
people  are  more  sensitive  than  mice  based  on  the  use  of  a  body 
surface  area  scaling  factor.^* 

In  the  DCM  risk  assessment  conducted  with  the  target 
tissue  dose  estimated  using  the  biologically  based  dosimetry 
model,  the  predicted  human  low-dose  cancer  risk  was  about 
100-  to  200-fold  less  than  tlpt  oredicted  by  EPA  using  the 
standard  defuilt  assumptions.'^  Since  1987,  several  refine¬ 
ments  of  the  risk  estimates  have  appeared  based  on  improved 
measures  of  DCM  metabolism  in  test  animals  and  people.^^ 
The  differences  between  the  default  and  physiolofically 
baaed  pharmacokinetic  (PBPK)-baaed  riA  assessment 
though  are  still  of  the  same  range,  about  two  orders  of 
magnitude  even  when  the  new  enzyme  activity  datt  are 
considered.^*’"'**^ 

Even  though  the  biologically  based  dosimetry  nnodeling 
approach  provided  the  link  between  external  exposure  con¬ 
centration  of  DCM  and  target  tissue  exposure  to  its  potentially 
reactive  metabolite,  the  low-dose  extrapolation  of  the 
idadonship  between  tissue  dose  of  the  metaboUte(s)  and 
tumor  response  was  still  conducted  using  the  linearized, 
multistage  modeL  An  improved  strategy  would  be  to  develop 
biologically  based  response  models  to  provide  the  link  b^ 
tween  PBPK-based  estimates  of  tissue  dosimetry  and 


Btotogically  Baapd  RpsponM  MotMs 

Biologically  based  response  modeling  involves  the 
devefopment  of  mathematical  descriptions  integrating  the 
critical  elemmts  of  the  series  d  evems  leading  to  the  induc¬ 
tion  of  tissue  responae.  An  example  of  this  approach  is  the 
MooigBvkar-Venzon-4knudaon  (MVK),  two-stage,  cancer 
modeL^'^^  TMa  model  describes  carcinogenesis  as  the  end 
remit  of  two  critical  events  that  concapond  to  mutationa. 


Accordingly ,  the  normal  cells  first  progress  to  an  intermediate 
cell  type  after  a  single  mutation.  The  intermediate  cell  popula¬ 
tion  may  have  different  growth  characteristics  from  the  nor¬ 
mal  cells  but  is  not  rtudignartt.  The  second  mutational  event 
produces  cells  of  a  rrudignant  genotype  that  lead  to  neoplastic 
transfotmation  (Figure  4). 

The  use  of  this  biologically  based  cancer  response  titodel 
in  risk  assessnent  requires  quantitative  information  on  the 
critical  parameters  involved  in  the  process;  namely,  the  birth 
and  dt'.'ih  rales  of  cells  and  the  mutation  rates  associated  with 
the  production  of  intermediary  and  malignant  cell  population. 
Bemuse  the  parameters  of  the  MVK  irwdel  are  interpietable 
in  biological  terms,  it  is  possible  to  examine  the  carcinogenic 
potency  of  chemicals  that  alter  one  or  more  of  these 
parameters.  For  example,  certain  chemicals  act  as  genotoxic 
agents  increasing  the  mutation  rates  ()il,  |i2);  others,  such  as 
the  cytotoxicants,  alter  cell  death  and  birth  rates  (a  1, 02,  pi , 
P2);  and,  yeL  others  (e.g.,  promoters)  convey  growth  ad¬ 
vantages  to  the  intermediate  cell  population  (02,  P2).  Be¬ 
cause  chemicals  often  act  by  more  than  one  mechanism,  each 
of  which  may  be  doae-dqrendem,  the  incorporation  of  quan¬ 
titative  information  on  the  critical  determinants  widiin  a 
biological  nredeling  framework  enables  tire  extrapolation  of 
the  relative  role  of  the  various  mechanisms  for  different 
exposure  iceiurios. 


(1) 
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Ditcu— ion 

A  prerequisite  for  extr^wiation  of  the  phaimacokinetic 
and  phaimacodynamic  behavior  of  chemicals  is  the  iden¬ 
tification  and  characterization  of  the  critical  determinants  of 
these  processes  in  the  test  species.  The  integration  of  these 
detenninants  within  a  biological  modeling  framework 
enables  the  exposure-route,  high-dose-to-low-dose,  and  in¬ 
terspecies  extrapolations  of  the  disposition  and  action  of 
chemicals. 

In  biologically  based  dosimetry  modeling,  the  specified 
compartments  are  biologically  relevant,  arranged  in  an 
arutomically  accurate  maiuier,  and  defined  with  appropriate 
physiological  characteristics.  The  compartments  may  repre¬ 
sent  a  single  tissue  or  a  group  consisting  of  several  tissues 
with  similar  blood  flow  and  solubility  characteristics  (e.g.. 
adrenals,  kidney,  thyroid,  brain,  heart,  and  hepato-portal  sys¬ 
tem  are  usually  pooled  into  one  compartmem  and  are  referred 
to  as  richly  perfused  tissues).  Even  these  models  represent 
some  level  of  simplification  of  the  true  complexities  of 
biological  systems.^  ^ 

The  use  of  a  biologically  based,  dosimetry  modeling 
approach  for  interspecies  scaling  of  pharmacokinetic  be¬ 
havior  of  chemicals  involves  several  steps.  First,  an  animal 
model  is  developed  to  describe  the  uptake  and  disposition  of 
the  chemical.  The  physiological  parameters  in  the  animal 


model  are  tl»n  scaled,  and  die  chemical-specific  parameters 
are  determined  for  the  species  of  interest  (e.g.,  humans).  The 
model  description  remairu  the  same,  the  animal  model  serv¬ 
ing  to  identify  the  critical  biological  determinants  of  the 
kinetic  processes.  Because  of  the  biological  reality  of  the 
model  description,  these  dosimetry  models  can  be  used  to 
examine  interindividual  differences  in  chemical  disposition, 
interspecies  differences  in  metabolism,  and  postexposure  me¬ 
tabolism  of  lipophilic  chemicals.  These  processes  cannot  be 
adequately  accomodated  or  described  with  the  use  of  the 
conventional  allometric  scaling  approach.^'^^ 

The  principal  application  of  the  biologically  based 
dosimetry  models  is  in  the  prediction  of  tissue  exposure  to  the 
toxic  moiety  (e.g.,  parent  chemical,  reactive  metabolite,  nuc- 
romolecular  adducts)  regardless  of  the  dose,  exposure  route, 
and  species.  In  the  DCM  example  presented  in  this  paper,  the 
low-dose  extrapolation  of  the  tissue  response  was  conducted 
with  the  linearized,  multistage  (LMS),  modeling  approach. 
The  improvement  over  the  conventional  methodology  is  that, 
here,  the  independent  variable  specified  in  the  LMS  model, 
"dose,"  is  not  administered  dose  or  inhaled  concentration:  it 
is  the  tissue  dose  estimated  with  the  biologically  based 
dosintetry  model  (Figure  S;  Path  2a)  and  defined  with  some 
perceived  mechanism  of  action  of  the  carcinogen.  The  uncer¬ 
tainty  associated  with  the  low-dose  extrapolation  using  the 
LMS  procedure  can  be  addressed  with  the  use  of  biologically 
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based  response  models.  The  dose-response  relationship  used 
in  the  LMS  procedure  is  not  derived  from  any  contemporary 
biological  theory  of  cancer  induction  but  is  a  consequence  of 
curve  fitting  to  fit  die  tumor  data  to  the  multistage  polynomial. 
Further,  the  use  of  LMS  procedure  in  risk  assessment  does 
not  permit  incorporation  of  important  experimental  obeerva- 
tions  other  than  tumor  incidence  data  (e.g.,  cell  proliferation). 
In  contrast,  the  parameten  in  the  MVK  mo^l,  as  in  the 
dosimetry  models,  are  interpretable  in  biological  terini,  and 
therefore,  relevant  Information  obtained  from  experiments 
suppiennentary  to  the  chronic  animal  bioassqrs  can  be  incor* 
poraied  into  the  risk  assessmem  process.^*^ 

The  linkage  of  the  biologkrelly  based  dosimetry  and 
response  models  with  a  quantitative  definition  of  the 
mechanism  of  action  would  further  enable  the  extrapolation 
of  both  chemical  disposition  and  tissue  response  at  various 
doses,  exposure  routes,  and  species  (Figure  5,  Ptth  2b;  Figure 
6).  In  this  approach,  the  animal  models  serve  to  identify  and 
charectetire  the  critical  biological  determinanta  of  di^posi* 
tion,  mechanism  of  action,  and  tissue  responae.  Whereas,  the 
animal  dosimetry  model  enables  the  identification  of  the 


appropriate  dose  surrogate  for  target  tissue  exposure,  the 
response  model  provides  the  quantitative  linkage  between  the 
series  of  events  leading  to  the  development  of  a  tissue 
response.!**’**)  pynher,  target  tissue  exposure  to  the  toxic 
moiety  predicted  by  the  animal  dosim^  model  can  be 
related  to  the  response  model  by  a  quantitative  definition  of 
the  mechanism  of  action  (e.g.,  DNA  reactivity).  nnally,the 
allowable  exposure  concentration  of  a  chemical  that  cor¬ 
responds  to  the  target  tissue  dose  of  the  toxic  moiety  as- 
sodaied  with  a  projected  excess  incidence  of  tumors  (e.g., 
one  in  a  million)  is  deteimined  with  the  human  dosimetry 
model 

Biologically  based  models  can  be  used  as  tools  for 
hypothesis  testing.  For  example,  the  dosimetry  models  can  be 
used  to  test  the  utility  and  appropriateness  of  tte  conventional 
extrapolation  procedures  used  for  a  particular  chemical. 
Thus,  allowable  exposure  concentrations  for  humans  derived 
with  the  biologicaliy  baaed  dosimetry  approach  can  be  com¬ 
pared  to  those  obtained  using  the  body  surfrce  correction  and 
LMS  procedure.  For  certain  ditect-acting  chemicals,  whidi 
are  detoxified  by  enzyme  mndiatrd  metabolic  processes,  it 
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may  be  that  the  conventional  approach  is  satisfactory, 
whereas  in  other  cases  where  a  saturable  metabolic  process 
yields  the  toxic  moiety,  the  conventional  methods  might 
overpredict  the  health  risks  associated  with  human  exposure. 
Similarly,  the  adequacy  of  the  quantitative  description  of  the 
mechanism  of  action  can  be  tested  with  experimental  data  on 
tissue  response.  When  die  model  fails  to  predict  the  observed 
data,  it  indicates  an  incomplete  understanding  of  the  proces¬ 
ses  and  the  biological  detominants  involved.  The  adequacy 
of  a  model  description  depends  on  the  purpose  for  which  it  is 
intended  and  the  de{^  of  understanding  of  the  critical  com¬ 
ponents  of  the  process.  Unlike  the  "mandated"  mathematical 
models  used  in  conventional  risk  assessment,  the  biologically 
based  models  are  versatile  and  often,  but  not  always,  difficult 
to  validate.  In  contrast  to  the  "mandated"  models,  which  are 
useful  only  for  gmerating  a  risk  number,  the  biologically 
based  models  allow  integration  of  various  observations,  iden- 
tificationof  critical  data  gaps,  and  estimation  of  risk  numbers, 
along  with  attendant  appreciation  of  areas  of  significant 
biological  uncertainty. 

Summary 

The  biologically  based  modeling  approach  leads  to  the 
identification,  characterization,  and  integration  of  the  critical 
biological  determinants  of  chemical  disposition  and  tissue 
response.  The  development  of  such  mechanistically  and 
biologically  based  dosimetry-response  models  should  en¬ 
hance  our  ability  to  confidently  predict  the  risk  associated 
with  human  exposure  to  chemicals  that  cause  cancer  or 
various  other  types  of  toxicity. 

Acknowludgmnnt 

The  authors  would  like  to  thank  Dr.  Tun  Feiuiell  for 
useful  discussions  during  the  preparation  of  this  manuscript 

FlatafwiCM 

1 .  Naiiaiial  Academy  of  Science:  Risk  Aiaeument  in  Federal  Govenmient: 
Maoagiiig  the  Piooeta.  National  Academy  Pnas,  Waahingioii.  DC 
(1983). 

7.  Mooienaar.RJ.:Commemafy  on  EPA  Carcinogenic  Risk  Aitrasmem 


Guidelines.  Regul.  ToxicoL  PhannacoL  9:230-233  (1989). 

3.  Andenen.  M.E.:  CleweU.  III.  Caress,  MX.:  el  at:  PhysiologicaUy 
Based  Phatmacokinrtics  and  the  Risk  Assesanem  Process  for 
Methykae  Chlonde.  ToxicoL  Appl.  PhannacoL  87:185-203  (1987). 

4.  Leung,  RW.:  Development  and  Utiliration  of  Physioiogically  Based 
Pharmacokinetic  Models  for  Toxicological  Applicatioo.  J.  ToxicoL 
Envifoa  Health  32^47-268  (1991). 

3.  National  Toxicology  Program:  Toxicology  and  Csrcinogeneais  Studies 
of  Dichloromethane  in  F-344  Rats  and  B6C3F1  Mice  (Inhalation 
Studies).  NTPTR  No.  306.  NTP.  Research 'Diangle  Park.  NC  (1983). 

6. Kttbic.  VX:  Anders,  M.W.;  EngeL  RJt;  el  aL:  Metabolism  of 
DihalooMtbanes  to  Carbon  Monoxi^  Drug  Metab.  Dispos.  2:33. 

7.  Gatgas.  MX;  Andersen.  MX;  CleweU.  HJ.:  Metabolism  of  Inhaled 
Dihalomethanes:  Difleieniiatian  of  Kinetic  Constants  for  Two  Inde¬ 
pendent  Pathways.  ToxicoL  Appl.  PhannacoL  87:21 1-223  (1986). 

8.  Reitz.  R.R;  Mandrels.  AX:  IHuk.  CN4  et  al:  Incotpotalion  of  in  vitro 
Enzyme  Data  into  PhysiologicaUy  Based  Pharmacokinetic  Model  for 
Methylette  Chloride:  ImpUcatioos  for  Risk  Assessmem.  ToxicoL  Leo. 
43:97-1 16(1988). 

9.  Green.  T.:  The  Metabolic  Activation  of  Dichloromethane  and 
Chlorotrifluoromeihane  in  a  Bacterial  Mutation  Assay  Using  Sdbnonella 
Typhimurium.  Mutat.  Res.  1 18:277-288  (1983). 

10.  Casanova.  M.:  d’Heck.  R;  Deyo.  D.F.:  Dichloromethane:  Metabolism 
to  Formaldehyde  and  Formation  of  DN  A-Protein  Crosslinks  in  Mice  and 
Hamsters.  Toxicologist  1 1 ;  1 80  ( 1 99 1 ). 

1 1.  Singh.  D.V.;  Spitzer.  HX:  White.  P.D.:  Addendum  to  the  Health  Risk 
Assessment  for  Dichlcromethane.  Updated  Carcinogenicity  Assessment 
for  Dichloromethane.  EPA/60Q/8-82AX)4F.  U.S.  Environtnental  Protec- 
tion  Agency.  Washington.  DC  (1983). 

12.  U.S.  Environmental  Proiectioa  Agency:  Update  to  the  Health  Assess¬ 
ment  Document  and  Addendum  for  Dichloromethane:  Phar¬ 
macokinetics,  Mechanism  of  Action  and  Epidemiology.  EPA  600/8- 
87/030A  U  S.  EPA.  Washington.  DC  (1987). 

13.  CtyaaUy,  R.B.:  Andersen.  M.E.:  BiologicaUy  Based  Pharmacodynamic 
Models:  Tools  for  Toxicological  Research  and  Risk  Assessmem.  Arm. 
Rev.  PhannacoL  Toxicol.  31:303-323  (1991). 

14.  Moolgavkar.  S.H.;  Knudson.  AG.:  Mutation  and  Cancer  A  Model  for 
Human  Cairmogenesis.  J.  Nad.  Cancer  Inst  66:1037-1032(1981). 

13.  Andersen,  MX:  Physiological  Modeling  of  Oganic  Compounds.  Aim. 
Occup.  Hyg.  35:309-321  (1991). 

16.  Krislman.  K.;  Andersen.  M.X:  Imetspecies  Scaling  in  Phar- 
macokineucs.  In:  New  Advances  in  Pharmacokinetics.  A  Resigno.  Ed. 
Plenum  Press.  New  York  (in  press). 

17.  Thorslund.  T.W.;  Brown.  CC:  Chamley,  G.:  Biologically  Motivated 
CancerRisk  Models.  Risk  Anal.  7:109-119(1987). 

18.  ConoUy,  R.B.:  Reitz.  R.R:  QewelL  m.  HJ.:  et  al.:  Pharmacokinetics. 
Biochmnical  Mechanism  and  Mutation  Accumulation:  A  Comprehen¬ 
sive  Model  for  (Jietnical  Clarcinogenesis.  ToxicoL  Lett.  43:189-200 
(1988). 

19.  ReiO.  R.R:  Maodrela.  AX;  Corley.  R.  A;  et  aL:  Estiinating  the  Risk  of 
Liver  Cancer  Assooaied  with  Human  Exposures  to  Chloroform  Using 
Physiologically-Basad  Pharmacokinetic  Modeling.  ToxicoL  Appl. 
PharmacoL  103:443-459(1990). 


Physiologically  Based  Pharmacokinetic  Modeling 
and  Risk  Assessment:  The  Case  of  Trichloroethylene 

Bruce  C.  Allen 

Cement  International  Coiporation,  1201  Gaines  Street,  Ruston,  Louisiana  71270 


The  following  is  the  abstract  of the  presentation  by  Mr.  Allen. 
His  paper  was  not  available  for  publication  at  this  time. 

Physiologicaily  based  pharmacokinetic  (PBPK)  models 
have  been  develop  for  describing  the  behavior  of  trichloro¬ 
ethylene  (TCE)  and  its  important  metabolite,  trichloroacetic 
add  (TCA).  in  rats,  mice,  and  humans.  Salient  features  of  the 
mod^  indude  the  saturable  metabolism  of  TCE,  the  repre¬ 
sentation  of  TCA  production  as  a  proportion  of  that  metabo¬ 
lism,  and  the  representation  of  TCA  kinetics  with  a  single 
volume  of  distribiition  that  is  apparently  nonlinearty  related  to 
body  weight  in  humans. 

TCA  has  been  shown  to  be  cardnogenic  when  adminis¬ 
tered  to  rodents  and  it  is  assumed  that  the  carcinogenicity  of 


TCE  is,  at  least  in  part,  due  to  production  of  TCA  Several 
dose  surrogates  bas^  on  TCE  metabolism  and  TCA  produc¬ 
tion  were  considered  for  use  in  cancer  dose-response  model¬ 
ing.  The  values  of  those  dose  surrogates  have  been  predicted 
by  the  PBPK  models  for  exposure  levels  used  in  car- 
dnogenidty  bioassays  and  for  exposures  of  concern  for 
humans.  The  use  of  the  PBPK  model  predictions  have  been 
used  in  conjunction  with  an  uncertainty  analysis  and  the 
impacts  on  TCE  risk  estimates  have  been  investigated. 

Further  information  on  this  subject  can  be  found  in 
AAMRL-TR-90-72,  Volume  II,  ’Development  and  Validation  of 
Methods  for  Applying  PK  Data  in  Risk  Assessment;  Trichloro¬ 
ethylene,’  which  is  available  from  the  National  Technical  In¬ 
formation  Service  (AD  No.  A237366). 
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Cancer  Risk  Assessment  with  Intermittent  Exposure 

Duncan  J.  Murdoch,^  Daniel  Kiewsld,^*^  and  John  Wargo^ 

^Depaitment  of  Statistics  and  Actuarial  Science,  University  of  Waterloo,  Waterloo,  Ontario,  Canada  N2L  3G1; 
^Health  Protection  Branch,  Health  and  Welfare  Canada,  Ottawa,  Ontario,  CanaAi  kIA  0L2;  ^Department  of 
Mathematics  and  Statistics,  Carleton  University,  Ottawa,  Ontario,  Canada  KIS  SB6;  ^^hool  of  Fmestry  and 
Environmental  Studies,  Yale  University,  New  Haven,  Connecticut,  U.S.A. 


Applications  o(  methods  for  carcinogenic  risk  assessment 
often  focus  on  estimating  lifetime  cancer  risk.  With  intermittent 
or  time-dependent  exposuree,  lifetime  risk  is  often  ap¬ 
proximated  on  the  basis  of  a  Ufetime  average  daily  dose 
(LAOO).  In  this  article,  we  show  that  there  exists  a  IHetime 
equivalent  constant  dose  (LEGO)  which  leads  to  the  same 
lifetime  risk  as  the  actual  tkne-depandent  axpoaura  pattern. 
The  ratio  C  -  LECO/LAOD  then  provides  a  measure  of  ac¬ 
curacy  of  risk  estimates  based  on  the  LAOO  and  a  basis  fOr 
correcting  such  estimates. 

Theoretical  results  derived  under  the  classical  multistage 
rradel  and  the  two-stage  birth-death-mutation  model  suggest 
that  the  maximum  value  of  C,  which  rapresents  the  factor  by 
which  the  LAOO  may  lead  to  undarestimates  of  risk,  will  oftan 
lie  in  the  range  of  two  to  fivefold.  The  practical  application  of 
these  results  is  iHustrated  in  the  case  of  astronauts  subjected 
to  relatively  short-tsnn  exposure  to  volatile  organics  in  a 
closed  space  station  environment  and  in  the  case  of  the 
ingestion  of  pesticide  residues  in  food  where  consumption 
patterns  vary  with  aga. 

Introduction 

Most  long-term  carcinogen  bioassays  are  conducted  by 
administering  high  doses  of  the  test  substance  to  animals  at  a 
constant  rate  for  a  large  fraction  of  their  naturai  lifetime.^*^ 
Interpreting  the  results  of  these  bioassays  in  a  human  context 
requires  at  least  three  types  of  extrapolation:  finom  high  ex¬ 
perimental  doses  to  low  environmental  doses;  from  animals 
to  hutiUHis;  and  from  constant  dosing  rates  used  in  laboratory 
studies  to  intermittent  or  variable  dosing  patterns  experienced 
by  humans.  In  this  paper,  risk  assessment  methods  that  may 
be  used  in  the  last  type  of  extrapolation  are  considered. 

Ihe  effects  of  variable  exposure  will  be  examined  within 
the  context  of  the  Armitage-Doil  multistage  tiwdel^^  and  the 
Moolgavkar-Venzon-Knudson  two-stage  birth-death-mu- 
tation  modeL^^  The  multistage  model  has  been  exteraied  to 
the  case  of  time-dependent  dosing  by  Crump  and  Howe;^^^ 
similar  results  for  the  two-stage  model  have  been  given  by 
Thoralund  et  aL^^  In  the  "Models  of  Carcinogenesis"  section, 
the  mathematical  development  of  diese  models  is  reviewed 
as  described  in  Murdoch  and  Krewski,^^  with  qrecial  em¬ 
phasis  on  the  importance  of  changes  in  tissue  growth  rates 


and  cell  kinetics  over  time. 

There  are  many  sources  of  temporal  variability  in  human 
exposures.  Occupational  exposures  may  occur  only  in  the 
workplace  and  for  a  small  part  of  a  person’s  working  lifetime. 
Similariy,  accidental  exposures  may  be  of  very  short  dura¬ 
tion.  Dietary  exposures  to  food  additives  and  contaminants 
are  dependent  on  consumption  patterns  that  change  with  age. 
availability,  and  lifestyle. 

The  application  of  the  risk  assessrnem  methods  discussed 
here  is  illustrated  in  the  "Applications”  section,  using  two 
examples  in  which  exposure  patterns  vary  over  time.  The  first 
example  involves  exposures  of  adult  astroruuits  to  volatile 
organics  in  aclosed  space  station  environment  for  a  relatively 
short  period  of  time.  The  second  example  focuses  on  dietary 
exposure  to  pesticide  residues  in  children,  which  can  differ 
notably  from  that  of  adults  as  a  consequence  of  different 
dietary  habits.  This  latter  example  will  also  be  used  to  explore 
the  effects  of  tissue  development  during  childhood. 

Models  of  Carcinogenesis 

Multistage  Model 

The  multistage  (MS)  model  assumes  that  neoplastic 
transformation  of  a  normal  cell  requires  the  occurrence  in 
sequence  of  k  biological  events.^  Crump  and  Howe^^^ 
showed  that  under  time-dependent  dosing,  die  MS  model 
predicts  a  cumulative  hazard  at  time  t  of  approximately 

ft  f “2  * 

mt)=  ...  n  [a,  +  M(tt J] du,...du.  (1) 

Jo  ^0  ‘  *  ‘  *  • 

where  the  transition  rates  ai+bid(ui)(i^l,..Jc)  are  linear  fuiK- 
tions  of  the  instantaneous  dosing  rate  d(t)  at  time  t.  The 
probability  of  developing  cancer  by  age  r  is  then 

P(f)s:l-etpI-H(f)I  (2) 

ttfoUows  from  Equation  2  iihMtP(0"H(t)  when  the  cumula¬ 
tive  tumor  hazard  is  small 

One  of  the  objectives  of  carcinogenic  risk  assessment  is 
to  estimaiB  the  excess  cumulative  lifetime  risk  of  a 
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peitkular  tune-dependent  exposure  pattern.  The  excess 
lifettme  risk  is  defined  as  the  risk  in  Equation  2  evaluated  at 
that  tiine  r  corresponding  to  the  life  expectancy  of  the  species 
of  interest  (e.g.,  TO  yean  for  humans),  less  die  Ufetiine  risk  in 
the  absence  of  exposure.  In  this  article,  we  will  approximate 
the  excess  lifetime  risk  by  the  corresponding  excess  cumula¬ 
tive  hazard  at  time  t. 

Muidoch  and  Krewski^^^  showed  that  when  only  one  of 
the  transition  rates  depends  on  die  dose,  the  cumulative 
hazard  function  may  be  written  in  the  following  form: 

H(f)=a(ai  +  6rf*]  (3) 

Tlie  cumulative  hazard  in  the  absence  of  dosing  is  represented 
by 

and  b  is  a  constant  measuring  the  effect  of  dosing  on  the 
dose-dependent  stage  in  the  model.  The  quantity 

<ij=  I  ditu)Ku:t)du  (4) 


represents  an  equivalent  constant  dose  which,  if  administeied 
at  a  constant  rate  over  the  interval  [0,f],  would  result  in  the 
same  cumulative  hazard  at  time  r.  Tlie  relative  effectiveness 
function  r(u:0  measures  the  relative  effectiveness  of  dosing 
attimemfO^u^i). 

In  the  MS  model  with  k  stages,  where  stage  r  is  dose-de¬ 
pendent,  the  relative  effectiveness  function  takes  the  form 


Hi 

(r-l)!(*-r)! 


(S) 


independent  of  r;  the  equivalent  constam  dose  is  given  by 

«/*=!  d(tu)Ku)du  (8) 

Murdoch^  has  defined  relative  effectiveneu  functions 
of  the  general  form  (Equation  3)  with  r(H;r)arfa)  independent 
of  r  as  scalable,  since  these  models  allow  the  cumulative 
hazard  at  differem  times  to  be  calculated  by  simple  rescaling. 
Scalable  relative  effectiveness  functions  require  much  less 
data  to  estimate  nonparametrically  than  a  general  time-de¬ 
pendent  relative  effectiveness  fun^on. 

Examples  of  the  relative  effectiveness  ftmction  r(u)  for 
the  MS  m^l  with  k*6  and  r  a  1,...,6 are  shown  in  Figure 
I.  Note  that  when  an  early  stage  is  dose-dependent,  early 
exposures  are  more  effective  than  late  exposures.  QMivenely, 
late  exposures  are  more  effective  when  a  later  stage  is  dose- 
dqiendenL 

In  addition  to  the  cumulative  lifetime  risk,  it  is  of  interest 
to  determine  the  contribution  of  exposures  occurring  at  dif- 


FIGURE 1.  The  lelaiive  effectiveaas  finctioa  rfu)  for  the  MS  Model  (with 
t  ■  6  negee,  fisfe  r  doee-dependeai  end  r  >  70  yean). 


feient  ages  to  lifetime  risk.  In  diis  regard,  the  relative  con¬ 
tribution  to  the  lifetime  risk  (RCLR)  of  dosing  at  time  t  is 
defined  by 

RCLR  s  d(tu)i{uityd*(t)  (n 

Note  that  the  RCLR  takes  into  account  the  effects  of  the  level 
of  both  the  level  of  exposure  and  the  relative  effectiveness  of 
that  exposure  at  each  time  c.  Inclusion  of  the  equivalent 
constam  dose  d*(r )  in  the  denominator  of  Equation  7  renders 
die  RCLR  independem  of  the  units  in  which  dose  is  measured. 
Comparison  of  RCLR  values  at  two  different  points  in  time 
reflects  the  relative  contribution  of  exposures  occurring  at 
those  times  to  lifetime  risk. 

Two-Stage,  Birth-D0att>-Mjuaion  Model 

The  two-stage,  birtb-deadi-mutation  (BDM)  model  is 
similar  to  a  MS  model  with  k  «  2,  with  explicit  provision  for 
the  number  N(t)  of  normal  stem  cells  at  time  r,  and  the  net 
birth  rate  5  (r)  of  initiated  cells  which  have  undergone  the  first 
ttansfoitnation.^*^  Murdoch  and  Krewski^^^  showed  that 
when  only  one  transition  rate  is  dose-dqietident,  the  outnula- 
tive  hazard  can  be  represented  in  the  same  form  as  Equation 
3  with  eft)  and  d*(t)  defined  in  terms  of  the  BDM  model. 
Applications  of  the  two-stage  model  in  carcinogenic  risk 
assessment  have  recently  been  reviewed  by  Krewski  et  al.^^ 
With  the  first  stage  dose-dependem,  we  have 

f  V|2(u,Uj;f)flfUj  (8) 

'  u 


Mmdochttai. 
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where:  (B) 

(0<«|  <II2<  1). 

iv(u^,u^-N(tu^)explr(tu^^r(tu^)}  (10) 
md 


I uKu^.Uytkiu^dUj  (11) 

The  cumulative  net  biiOi  me  of  intenneduie  cdls  ftoni  time 
0  to  time  t  is  represoited  by 


•=r- 


r<0=  8(u)du 
'o 

When  the  second  stage  is  dose-dependent,  then 


(12) 


Under  the  simplifying  assumptions  that  N(t)  ■  N  and 
5(u)  ■  S  are  constant,  we  have 


/<«;f)sf6 


(13) 


or 


/(a;<)=<6-^ -  (14) 

when  the  first  or  second  stage  is,  respectively,  dose-depend¬ 
ent^^  As  indicated  in  Figure  2,  early  exposures  are  more 
efSective  than  later  exposures  when  the  first  stage  is  dose-de¬ 
pendent  Here,  l5  represents  the  cumulative  net  biith  rate  of 
initiated  cells  per  lifetime.  When  f5  >  0,  the  relative  effective¬ 
ness  function  is  equivalent  to  that  in  a  MS  model  with  k»2 
andrs  1.  Although  the  relative  effectiveness  function  for  the 
BDM  model  is  bounded  above  by  ifi,  infoimation  on  the 
maximum  biologically  plausible  value  of  6  is  lacking. 

While  the  assumptions  that  N(t)  and  5(/)  are  constant 
expedite  the  mathematical  analysis  of  the  BDM  model,  tiieae 
assumptions  are  ovetsimplific^ons  of  reality.  Enesco  and 
Leblond^*^  fnund  dutt  the  numbers  of  cells  in  moat  tat  tissues 
incwaae  with  age  ty  to  approximately  34  to  48  days  of  age, 
at  which  point  tissue  size  starts  to  stabilize. 

In  addition  to  increases  in  cell  number  (hyperplasia), 
tissue  growth  can  occur  as  a  result  of  an  increase  in  cell  size 
(hypertrophy).  Although  hyperplasia  is  primarily  responsiMe 
for  initial  tissue  growth,  the  rate  of  cell  division  decreases 
with  age.^'^^  The  development  of  tissues  that  are  not  sdf- 
woewing  ceases  when  miaurity  is  reached.  Some  tissues  such 
as  the  brain  are  fully  develop^  in  early  childhood,  whereas 
others  such  as  the  skeletal  system  do  not  achieve  maturity 


FIGURE  2.  Ibe  leiative  efhctivcneis  (wiction  ifu;  r>  for  die  BDM  model 
(wUh  die  fiist  flaee  doee  dependem  end  die  cwnulalive  net  binh  me  of 
imiitted  oeUt  eqoel  to  iS  It  r  s  70  yem). 


until  after  adolescence. 

Growth  in  cell  mass  can  be  assessed  by  comparing  tissue 
weight  to  DNA  content^*^^  This  approach  to  distinguishing 
between  increases  in  cell  number  arvi  cell  size  is  difficult  to 
apply  in  mammalian  liver  because  of  the  formation  of  multi- 
nucleate  cells  as  well  as  cells  with  single  nuclei,  but  with 
diploid  or  tetraploid  amounts  of  DNA  (polyploidy). 

Regarding  N(t)  as  the  number  of  noniial  stem  cells  mav 
also  be  an  oversimplification.  Moolgavkar  and  Luebeck^^^ 
note  that  this  is  inconsistent  with  the  assumption  that  mutation 
occurs  during  cell  division,  because  the  mitotic  index  (the 
per-cell  rate  of  cell  division)  varies  over  time.  FOr  example, 
Ellwein  and  Cohen^’^^  report  approximately  100  times  higher 
mitotic  indices  in  stem  cells  in  week-old  rats  as  compared 
with  rats  8  weeks  of  age.  The  estimation  of  mitotic  rates  based 
on  DNA  incorporation  of  tritiated  thymidine  during  cell 
division  is  discussed  by  Moolgavkar  and  Luebeck.^^^ 

When  specific  information  on  N(t)  is  unavailable,  a 
rough  surrogate  for  the  number  of  stem  cells  in  the  target 
tissue  is  grots  oigan  weight  This  latter  indicator  has  the 
advantage  of  being  readily  available  for  humans  but  does  ikx 
take  into  aocoum  hypertrophic  effects  or  changes  in  mitotic 
indices  with  time. 

In  general,  very  little  information  is  available  about  the 
kinetics  of  initiated  cells  as  represented  by  their  net  birth  rate 
8(r).  Initiation^proirKNion  assays  truty  provide  some  direct 
information  on  the  birth  arul  dreth  rates  of  initiated  cells.  In 
the  mouse  liver  S3rstem  described  by  Pitot  and  Dragan,^’^^  foci 
thought  to  cotreqpond  to  clones  of  premalignaminititfedcdls 
can  be  identified  histologically.  Such  assays  have  been  used 
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in  liver,  urinaiy  bladder,  and  skin  but  are  not  well  developed 
in  other  tissues.  The  statistical  use  of  data  on  cell 

kinetics  in  fitting  the  BOM  model  is  discussed  by  Moolgavkar 
et  aL^^  and  Luebeck  et  al.^*^ 

Murdoch  and  Krewski^^  explored  the  results  of  assum¬ 
ing  a  constant  rate  of  proliferation  of  inteimediate  cells, 
independent  of  age,  while  Krewski  and  Muidoch^’^  assumed 
that  the  net  birth  rate  was  a  constant  multiple  of  the  birth  rate 
of  normal  cells.  In  this  paper,  we  consider  an  intermediate 
approach  with 

8(0=8^«+8  (15) 

where:  SMO  3  net  birth  rate  of  normal  cells  at  time  /  calcu¬ 
lated  on  the  assumption  that  all  changes  in 
tissue  weight  are  due  to  changes  in  cell  num¬ 
ber  radier  than  cell  size 

5  s  a  constant  rqnesendng  the  excess  net  birth 
rate  of  intermediate  cells 

This  choice  is  based  on  the  assumption  that  intermediate  cells 
will  respond  to  their  microenvironment  in  essentially  the 
same  way  as  normal  cells  do  but  will  be  slightly  more  (8  >  0) 
or  less  (8  <  0)  successful  at  proliferation.  Under  these  assump¬ 
tions,  then 

(16) 

For  illustrative  purposes,  assume  that  is  proportional 
to  human  liver  weight,  as  shown  in  Figure  3.  The  fitted  curve 
represents  acontinuously  differentiable  spline  fiinction^'^  fit 
to  the  original  data  reported  by  Snyder  et  aL^**^  The  resulting 
relative  effectiveness  functions  shown  in  Figure  4  are  similar 
to  those  based  on  Equation  13  because  the  inclusion  of  the 
Swft)  term  in  Equation  13  tends  to  compensate  for  the  varia- 
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FKjURE  4.  The  leiaiive  eflecti  veaen  of  tnie-depeiideat  danng  in  tbe  BOM 
model  (with  the  fiitt  Mate  dole  depeadem.  prapoftiansi  to  liver  weighi, 
SfOialiUyiagequiioa  15.andr«70yean). 

tion  in  N(m2)  in  Equation  16. 

Applicatioiw 

In  this  section,  we  indicate  how  the  theoretical  results 
presented  in  the  "Models  of  Carcinogenesis"  section  may  be 
exploited  in  two  specific  applications.  The  first  example 
involves  astronauts  working  in  a  space-station  environmem 
for  a  limited  period  of  tune  arui  their  exposure  to  chemical 
contaminants  in  the  space-station  atmosphere.  In  the  second 
example,  the  impact  of  changes  in  tissue  growth  and  cell 
kinetics  on  the  potential  risks  of  childhood  exposure  to  pes¬ 
ticide  residues  in  food  are  considered.  Consideration  is  also 
given  to  the  effects  of  changes  in  food  consumption  patterns 
wdtfaage. 

Spacecraft  Mudnnm  AKovifable  (>)ncentrations 

The  National  Aeronautics  and  Space  Administration 
(NASA)  is  planning  to  place  a  manned  space  station  in  Earth 
orbit  by  the  mid-1990s.  Because  the  space  station  is  a  closed 
environment,  some  contamination  of  its  atmosphere  is  in- 
eyitaUe.  Possible  sources  of  contamination  include  ofT-gass- 
ing  of  cabin  materials  and  metabolic  waste  products  ciatw 
members.  Although  most  sources  of  atmospheric  contamina¬ 
tion  will  release  only  small  amountt  of  chemical  con¬ 
taminants  into  the  air,  these  contaminants  may  accumulate  in 
the  cloaed  space-teation  environment 

T1»  U,&  National  Research  Council^*^  has  been  wofk- 
iat  with  NASA  to  develop  methods  for  estabUshing 
spacecraft  maximum  allows  conoenntions  (SMACs)  for 
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on 
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space-station  contaminants.  Because  astronauts  will  spend  a 
maitinunn  of  180  days  in  the  space  station  during  a  single 
mission,  there  is  a  need  to  develop  air  quality  guidelines  that 
address  these  intennittent  exposures. 

Here,  we  focus  on  the  question  of  establishing  exposure 
guidelines  for  carcinogenic  substances  present  in  the  atmos¬ 
phere  for  astronauts  working  in  the  space  station  for  periods 
of  180  days  or  less.  Following  the  National  Research  Onm- 
cil,^*^^  we  will  assume  that  an  astronaut  would  be  at  least  25 
and  at  most  45  years  of  age  at  the  start  of  the  missioiL 
One  approach  to  risk  assessment  with  intermittent  ex¬ 
posures  is  based  on  amortizing  the  total  dose  experienced 
during  the  time  period  of  interest  over  a  lifetime.^  Risk 
estimates  are  obnuned  by  multiplying  the  lifetime  average 
daily  dose  (LADD)  defined  by 

diu)du  (17) 

*  Jo 

by  a  measure  of  carcinogenic  potency  derived  from  a 
laboratory  bioassay  with  constant,  daily,  lifetime  exposure. 
Except  in  very  special  cases  (r  a  k  s  i  in  the  MS  iiMdel),  the 
use  of  the  LADD  will  not  lead  to  the  same  risk  as  the  lifetime 
equivalent  constant  dose  (LECD)  defined  in  Equation  4. 

In  the  case  of  a  single,  linearly  dose-dependent  transition 
rate  as  considered  in  the  previous  section,  the  ratio  of  excess 
cumulative  hazard  due  to  the  actual  exposure  experienced  to 
the  excess  hazard  based  on  dose  amortization  is 


LECD 
~  LADD 

calculated  at  the  time  /  of  interest 


(18) 


The  methods  of  the  "Models  of  Carcinogenesis"  section 
were  used  to  calculate  the  correction  factor  C  at  age  t=70 
years  for  the  MS  model  under  the  following  assumptions. 

•  The  age  at  the  start  of  exposure  is  25, 30, 35, 40,  or 
45  years. 

•  The  duration  of  exposure  is  1, 30,  or  180  days. 

•  The  number  of  stages  in  the  model  is  k  =  1,...,  6. 

•  The  dose-dependent  stage  is  stage  r  s  1 . k. 

The  values  of  C  obtained  under  the  above  assumptions 
are  shown  in  Table  I  for  the  case  of  a  30-year-old  astronaut 
These  calculations  reveal  two  important  findings.  First,  there 
was  almost  t»  difference  in  the  values  of  C  for  the  different 
durations  of  exposure,  when  the  other  assumptions  are  held 
constant  This  is  nor  to  say  that  the  model  predicts  the  same 
risk  from  1  through  180  days’  exposure,  but  rather  that  it 
predicts  that  the  risk  is  very  nearly  proportional  to  the  length 
of  exposure  period  within  this  range.  This  follows  from  the 
feet  that  the  r(u:t)  fimetions  are  rather  smooth  in  the  MS 
model,  so  that  they  ate  nearly  constant  over  relatively  short 
titne  intervals  (6  months  or  less  out  of  an  expected  lifespan 
of  70  years). 

The  second  striking  feature  of  these  calculations  was  that 
the  largest  value  of  C  was  2.06  (Table  I).  Even  though  the  MS 
trKxlel  with  k  s  6  may  theoretically  require  correction  factors 
of  up  to  6,  these  do  not  arise  for  dosing  in  mid-life.  It  should 
also  be  noted  that  the  value  of  C  can  be  as  small  as  0.09, 
indicating  that  the  LADD  can  substantially  overestimate  the 
actual  risk  corresponding  to  the  LECD.  SitKe  the  purpose  of 
the  ptesern  analysis  is  to  ensure  protection  of  astronauts 
against  increased  cancer  risks,  we  will  focus  our  attention 


TABLE  L  VahiM  Of  ttw  Ratio  C  ■  LECO/LAOD  for  the  MS  Model  with  Stage  r  of  *  Doae- 
Dependent  lor  30- Year-Old  Aatronauta _ 


Stage 

Affected 

r 

Duration 
of  Exposure 
(days) 

Number  of  Stages  k 

1 

2 

3 

4 

5 

6 

1 

1 

1.000 

1.143 

0.980 

0.746 

0.533 

0.365 

30 

1.000 

1.142 

0.978 

0.744 

0.531 

0.364 

180 

1.000 

1.138 

0.968 

0.733 

0.520 

0.355 

2 

1 

0.887 

1.488 

1.679. 

1.599 

1.371 

30 

0.868 

1.470 

1.678 

1.597 

1.367 

180 

0J84 

1.472 

1.672 

1.583 

1.348 

3 

1 

0.561 

1.260 

1.799 

^056 

30 

0.663 

1.262 

1.801 

^056 

180 

0.580 

1.272 

1.806 

2.052 

4 

1 

0J15 

0.900 

1.542 

30 

0.316 

0.902 

1.545 

180 

0.323 

0.916 

1.561 

S 

1 

0.189 

0.578 

30 

0.170 

0.581 

180 

0.174 

0.594 

a 

1 

0.007 

30 

0.087 

180 

0.090 
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primarily  on  upper,  rather  than  lower  limits  of  C. 

The  results  presented  in  Table  n  indicaie  that  these 
conclusions  also  hold  for  astronauts  of  different  ages.  Our 
calculations  confirm  that  the  upper  bound  on  C  of  2.06  feom 
Table  I  holds  under  all  of  the  conditions  defined  by  die  above 
assumptions. 

Similar  calculations  were  done  for  the  BDM  model  under 
the  following  assumptions. 

•  The  age  id  the  start  of  exposure  is  25, 30, 35, 40,  or 
45  years. 

•  The  duration  of  exposure  is  1,30,  or  180  days. 

•  The  number  of  normal  cells  NO)  is  proportional  to 
human  liver  weight  (cf.  Figure  3). 

•  The  net  birth  rate  follows  Equation  15  withrSs-lO, 
-5, 0, 5,  or  10. 

•  The  dose-dependent  stage  is  stage  r  s  1  or  2. 

The  values  of  C  tabulated  in  Table  m  indicate  that  the 
general  conclusions  reached  with  the  MS  model  also  hold  for 
the  BDM  model.  There  is  almost  no  difference  in  the  values 
of  C  for  the  different  durations  of  exposure,  when  all  other 


fectors  are  held  constant;  the  value  of  C  ranges  from  0.016  to 
at  most  1.4.  Although  the  BDM  models  considered  would 
admit  values  of  C  as  high  as  10,  these  do  not  arise  under  the 
relatively  sboit-teim,  midlife  exposures  considered  here. 

Pesticide  Ingestion  ty  Infants  and  CNUran 

Toxicological  risk  asseasroem  procedures  are  intended  to 
protect  not  only  healthy  adults  in  general  population  but 
also  susceptible  population  subgroups.  The  presence  of 
Alar™  in  apple  products  has  recently  focused  attention  on  the 
potential  li^  of  pesticide  residues  in  the  diets  of  infants  and 
children.^''^^  This  general  issue  is  currently  under  inves¬ 
tigation  by  the  Committee  on  Pesticides  in  the  Diets  of  Infuits 
and  Children  within  the  U.S.  National  Research  CounciL^^ 

Infants  and  children  may  be  at  greater  risk  than  adults 
subjected  to  the  same  level  of  exposure  on  a  body  wei^t  basis 
for  several  reasons.  Rrst,  as  noted  in  the  "Models  of  Car¬ 
cinogenesis"  section,  exposures  occurring  early  in  life  are 
more  effective  than  later  exposures  with  an  early  stage  car¬ 
cinogen.  On  the  other  hand,  adults  may  be  at  greater  risk  than 
children  with  a  late  stage  carcinogen. 


TABLE  IL  Values  of  tha  Ratio  C  «  LECO/LAOD  for  ttw  MS  Modal  with  Stag*  r  of  k  Dom- 
Dapandant  under  Expoauraa  of  30  Days' Duration  Starting  at  VarlouaAgaa 

Age  Stage 


(yaara) 

Affected 

r 

Number  of  Stages  k 

1 

2 

3 

4 

5 

6 

25 

1 

1.00 

1.28 

1.24 

1.06 

0.85 

0.66 

2 

0.72 

1.38 

1.77 

1.90 

1.83 

3 

0.38 

0.99 

1.58 

2.03 

4 

0.18 

0.59 

1.13 

5 

0.08 

0.32 

6 

0.04 

30 

1 

1.00 

1.14 

0.98 

0.74 

0.53 

0.36 

2 

0.66 

1.47 

1.68 

1.60 

1.37 

3 

0.55 

126 

1.80 

2.06 

4 

0.32 

0.90 

1.55 

5 

0.17 

0.58 

6 

0.09 

35 

1 

1.00 

1.00 

0.75 

020 

021 

0.19 

2 

1.00 

1.50 

1.50 

125 

0.93 

3 

0.75 

1.50 

1.87 

1.87 

4 

0.50 

125 

1.88 

5 

021 

0.94 

6 

0.19 

40 

1 

1.00 

0J6 

0.55 

021 

0.17 

0.09 

2 

1.14 

1.47 

126 

0.90 

0.58 

3 

o;o8 

1.68 

1.80 

1.54 

4 

0.75 

1.60 

206 

5 

024 

1.37 

6 

0.37 

46 

1 

1.00 

0.71 

0.38 

0.18 

0.06 

0.03 

2 

1.29 

1.38 

0.98 

0.58 

0.31 

3 

1.24 

1.77 

1.58 

1.13 

4 

1.07 

1.90 

203 

5 

028 

1.83 

6  0.66 
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TABLI  ■.  Vahiaa  aftha  Ratio  C«  LECIVLAOO  for  tha  BOM  Modal 

oMhEapoauraa  of  aODayo*  Duration  Blaftlnfll  at  VattouaAfla* 

SIMM  Starting 

AffaMod  Ago  CumulaiiwaNatBlrthRataotlnitlatadCalafS 


r 

(yaara) 

-10 

0 

5 

10 

1 

28 

1^ 

1.334 

0.840 

0279 

30 

1.184 

0.677 

0.137 

36 

1236 

1.034 

0202 

0.067 

40 

1237 

1.106 

0A83 

0.264 

0.032 

46 

1206 

1.121 

0.732 

0.173 

0.016 

2 

28 

1201 

1.128 

0.760 

0.182 

0i)17 

30 

1282 

1.198 

0.002 

0.277 

0.035 

36 

12M 

1.280 

1.065 

0.412 

0.072 

40 

1242 

1.287 

1.200 

0.606 

0.148 

46 

1247 

1.314 

1.364 

0A86 

0.303 

Apple  Juice  Potato 


0  20  40  60  0  20  40 

Age  (years) 
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Second,  it  is  conceivable  that  perinatal  tissues  undergo¬ 
ing  rapid  growth  and  development  may  be  mcue  susceptible 
to  carcinogenic  stimuli  than  mature  tissues.  Empirical 
evidence  on  age-dependent  physiological  susceptibility  is 
limited.  Studies  of  the  acute  toxicity  of  pesticides  luve 
revealed  mixed  results.  Gaines  and  Linder^^^  found  weanling 
rats  more  sensitive  than  adults  to  4  of  28  pesticides  tested, 
whereas  18  pesticides  were  more  toxic  to  the  adult  Assuming 
that  cells  undergoing  mitosis  ate  most  vulnerable  to  genetic 
damage  by  DNA-reactive  chemicals,  there  may  be  greater 
opportunity  for  genetic  damage  in  developing  tissues  in 
w^ch  the  rate  of  cell  division  is  high.  As  the  number  of  cells 
in  the  target  tissue  increases,  however,  the  total  number  of 
cell  divisions  may  also  increase  even  if  the  mitotic  index 
decreases. 

Third,  infants  and  children  may  be  at  greater  risk  than 
adults  because  of  their  different  food  consumption  patterns. 
Dietary  diversity  increases  with  age;  children  consume  far 
fewer  foods  than  do  adults.  For  example,  fhiits  account  for 
nearly  30%  of  the  average  non-nursing  infant’s  diet^^  but  a 
much  snudler  proportion  of  the  average  adult’s  diet  Because 
of  their  greater  exposure  to  certain  foods,  children  may  be  at 
greater  risk  than  adults  from  pesticide  residues  present  in 
these  foods. 

Here,  we  will  restrict  our  attention  to  the  impact  of  food 
consumption  on  potential  risks  associated  widi  pesticide 
residues  in  food.  Specifically,  we  calculate  the  correction 


factor  C  required  to  adjust  estiniates  of  risk  based  on  average 
food  consumption  levels  across  all  ages  to  reflect  the  greater 
consumption  of  certain  foods  by  young  people. 

Watgo^  conducted  a  dialled  analysis  of  food  con¬ 
sumption  data  from  the  1977-1978  National  Food  Q>nsunq>- 
tion  Survey  conducted  by  the  U.S.  Department  of  Agricul¬ 
ture.^  As  iiKlicated  in  Figure  S,  the  consumption  of  apple 
juice  is  much  greater  arruMig  very  young  childrm  than  adults. 
The  maximum  consumption  of  potatoes  and  tomatoes  occurs 
among  children  1  through  6  years  of  a^  The  consumption 
of  lettuce  increases  throughout  childhood  and  is  hi^ier 
among  adults  than  among  children.  These  particular  foods 
were  chosen  to  illustrate  a  variety  of  food  consumption  pat¬ 
terns,  including  cases  where  childhood  consumption  is  less 
than  and  greater  than  adult  consumptioiL 

Under  the  MS  model,  the  value  of  die  correction  factor 
C  varies  from  0.27  to  3.74  for  apple  juice  and  from  0.79  to 
1 J3  for  the  other  foods  (Table  IV).  The  fact  that  the  largest 
values  of  C  occur  with  apple  juice  is  due  to  the  temporal 
correspondence  of  the  peak  in  consumption  with  a  period  of 
hi^  relative  effectiveness  of  dosing.  Under  the  BDM  model, 
the  values  of  C  ranged  from  0.2S  to  S.2S  for  apple  juice  and 
from  0.71  to  1.46  for  the  other  foods  (Table  V). 

The  maximum  values  of  C  calculated  here  ate  notably 
larger  than  in  the  previous  application  to  astronauts.  The 
largest  values  of  C  under  both  the  MS  and  BDM  models  occur 
when  the  first  stage  is  dose-dependent  The  values  of  C  also 


TABLE  IV.  VahiM  of  ttM  Ratio  Ce  LECIVLAOO  tor  the  MS  Model  lor  PMticid* 
flealduaa  In  Apple  Juica,  Potato,  Tomato,  and  Lettuce 


Food 

Stage 

Aftoctad 

r 

ktombar  Of  Stages  k 

1 

2 

3 

4 

5 

6 

Apple 

1 

1.00 

1.84 

Z23 

2J7 

3.27 

3.74 

Juto 

2 

0J8 

0.48 

0.81 

0.78 

0.93 

3 

0.30 

0.34 

0J» 

0.43 

4 

0.28 

0.31 

0.34 

8 

0.27 

0.30 

8 

0.27 

Poiilo 

1 

1.00 

1.08 

1.13 

1.21 

1.27 

1.33 

2 

0A4 

0.90 

0.80 

0.84 

0.98 

3 

0.87 

0.88 

0.88 

0.84 

4 

1.00 

0.82 

0.88 

8 

1.02 

0.98 

8 

1.04 

Tomato 

1 

1.00 

1.08 

1.18 

1.22 

1.27 

1J1 

2 

0.82 

0.84 

0.87 

1.01 

1.08 

3 

a8o 

0.81 

0.81 

0.82 

4 

0.80 

0.81 

0.90 

8 

0.90 

0.91 

8 

0.90 

Lattiee 

1 

1.00 

0.08 

0.80 

0.08 

0.82 

a79 

2 

1.08 

1.08 

1.02 

0J8 

0.98 

3 

1.08 

1.08 

1.07 

1.04 

4 

1.04 

1.10 

1.10 

8 

1.03 

1.10 

8 

1.01 

Relativa  Contribution  to  Lifetime  Risk 
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TABLE  V.  VahiM  «f  liw  Ratio  C- LECOAAOO  for  tiM  BOM  Modal  for  PMlield* 
nooMuoo  In  ApploJuioo,  Potato,  Tomolo.  or  Lomico _ 


Stoga 

Alfaclad 

Cumuiativo  Not  Birth  Rato  of  Mtialod  Calls  f  S 

Food 

r 

-10 

-e 

0 

5 

10 

Analoiuin 

1 

0.72 

0.00 

1.53 

3.27 

5.25 

2 

0.30 

.0.36 

0J2 

0.28 

0.25 

1 

0.94 

0.06 

1.04 

1.26 

1.46 

2 

0.01 

0.01 

0.94 

1.01 

1.06 

TonMOB 

1 

ao7 

OJO 

1.07 

1.28 

1.30 

2 

0.92 

0.91 

0.01 

0.90 

0.89 

1  MiMlW 

1 

1.03 

1.01 

0.96 

0.83 

0.71 

2 

1.06 

1.05 

1.06 

1.03 

0.07 

Apple  Juice 


Potato 
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increase  in  the  MS  model  with  the  number  of  stages  k  and  in 
the  BOM  model  with  the  cumulative  net  birth  rate  of  initiated 
ceils  t. 

Figure  6  depicts  the  relative  contribution  to  the  excess 
cumulative  hazard  at  age  70  of  the  exposures  at  earlier  ages 
for  the  BDM  models  with  the  first  stage  dose-dependent  The 
largest  contributions  to  the  cumulative  hazard  occur  during 
childhood,  when  the  relative  effectiveness  of  dosing  is 
highest  This  is  particularly  true  for  apple  juice,  since  the 
period  of  highest  consumption  also  occurs  e^y  in  life. 

Summary  and  Concluaiona 

In  this  paper,  we  have  considered  approaches  to  estimat¬ 
ing  the  lifetime  risk  associated  with  intermittent  or  time-de¬ 
pendent  exposures  to  carcinogenic  substances.  One  method 
is  to  amortize  the  cumulative  dose  equally  over  a  lifetime, 
giving  the  lifetime  average  daily  dose  or  LADD. 

The  concept  of  relative  effectiveness  of  dosing  at  dif¬ 
ferent  points  in  time  was  used  to  determine  a  lifetime- 
equivalent  constant  dose  or  LECD,  which  yields  the  same 
lifetime  risk  as  the  actual  time-dependent  exposure  pattern. 
Although  the  LADD  generally  will  not  lead  to  the  same 
lifetinte  risk  as  the  LECD,  it  is  possible  to  bound  the  error  in 
predictions  of  risk  based  on  the  LADD  under  specific  as¬ 
sumptions  concerning  the  process  of  neoplastic  transforma¬ 
tion.  Under  the  classical  Armitage-Doll  multistage  model, 
the  actual  risk  will  exceed  the  prediction  of  risk  based  on  the 
LADD  by  a  factor  of  at  most  k,  the  number  of  stages  in  the 
model.  Since  the  corresponding  bound  for  the  two-stage, 
clonal,  expansion  model  is  proportional  to  the  proliferation 
rate  of  initiated  cells,  greater  errors  may  accrue  when  initiated 
cells  proliferate  rapidly. 

The  universal  upper  bouixls  derived  for  the  MS  and 
BDM  models  may  be  improved  upon  in  specific  applications. 
For  astronauts  exposed  to  atmospheric  contaminants  in  a 
closed  space-station  envirotunent  for  periods  of  up  to  6 
months,  the  LADD  can  underestimate  the  lifetime  cancer  risk 
by  a  factor  of  about  twofold  or  less  under  the  MS  model, 
(lliis  occurs  because  of  the  limited  effectiveness  of  dosing  in 
midlife  under  the  MS  model.)  In  practice,  this  can  be  ac¬ 
comodated  by  increasing  estimates  of  risk  based  on  the 
LADD  by  an  adjustmem  factor  of  twa  The  adjustment  factor 
required  under  the  BDM  model  is  even  smaller,  being  less 
tiun  1.4  in  all  cases  considered. 

The  error  associated  with  estimates  of  risk  based  on  the 
LADD  in  other  situations  may  exceed  the  twofold  bound 
established  for  astronauts.  This  occurred  in  our  second  ex¬ 
ample  involving  dietary  exposure  to  pesticide  residues  in 
food.  On  a  body-weight  basis,  children  consume  far  greater 
amounts  of  some  foods  than  do  adults.  For  example,  one- 
year-olds  consume  more  than  30  times  the  amount  of  apple 
juice  per  kg  body  weight  per  day  than  do  adults.  With  an 
eariy-stage  carcinogen  for  which  relative  effectiveness  of 


dosing  is  highest  early  in  life,  the  use  of  an  average  level  of 
food  consumption  across  all  ages  in  risk  assessment  may  lead 
to  underestimates  of  risk  for  this  food  by  a  factor  of  about 
fivefold  urder  the  models  and  assunqrtions  employed  here. 

These  results  indicate  that  accurate  estimates  of  car¬ 
cinogenic  risk  require  detailed  information  on  the  temporal 
patterns  of  exposure.  Knowledge  of  the  mechanism  of  car¬ 
cinogenesis,  s'ich  as  whether  an  agent  is  an  early  or  late-stage 
carcinogen,  and  the  growth  kinetics  of  normal  and  irutiated 
cells,  is  also  important  in  evaluating  the  relative  effectiveness 
of  exposures  at  different  points  in  time.  Although  of  fun¬ 
damental  importance  in  carcinogenesis,  relatively  little  infor¬ 
mation  is  available  on  the  mitotic  indices  of  stem  ceils  and 
the  birth  and  death  rates  of  initiated  cells:  tiie  impact  of  the 
simplifying  assumptions  made  here  and  elsewhere  in  the 
absence  of  such  information  ret>iains  to  be  explored.  In  the 
interim,  it  is  still  possi^e  to  place  plausible  upper  bounds  on 
the  error  in  estimates  of  risk  based  on  the  lifetime  average 
daily  dose  as  was  atterrqrted  in  the  two  applications  con¬ 
sidered  here. 
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Carcinogenic  Risks  of  Polycyclic  Organic 
Matter  (POM) 
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Many  combustion  emissions  and  related  complex  mix¬ 
tures  containing  polycydic  organic  matter  (POM)  are  car¬ 
cinogenic  to  humans.  A  comparative  potency  method  has 
been  developed  to  estimate  the  human  cancer  risk  from  POM 
sources.  This  method  involves  evaluating  the  tumorigenic 
potendas  of  POM  from  the  selected  source  in  relation  to  other 
POM  sources  that  have  bean  shown  to  causa  lung  cancer  in 
humans.  The  mouse  skin  tumor-initiation  bioassay  provides 
the  best  correlation  with  the  human  cancer  unit  risks  for 
omission  sources  where  quantitative  epidemiological  results 
are  available.  The  comparative  potency  method  is  presented 
together  with  the  data  developed  to  test  the  underlying  con¬ 
stant  relative  potency  hypothesis.  This  hypothesis  has  been 
vaiidatsd  for  POM  from  coke  ovens,  roofing  coal  tar,  and 
dgarette  smoke  by  comparing  the  relative  lung  cancer  poten¬ 
cy  in  humans  to  the  relative  tumor  initiatian  potency  in  mouse 
skin. 

The  carcinogenic  risks  of  POM  from  a  series  of  emission 
sources  were  determined  using  the  comparative  potency 
method.  This  method  was  first  used  to  estimate  the  lung 
cancer  risk  for  diesel  and  gasdine  vehicle  emissions  and  has 
now  been  extended  to  a  series  of  POM  sources  indudng 
woodstove  emissions,  residential  oil  furnace  emissions, 
aluminum  smelter  emissions,  and  ambient  air  partides.  The 
lifetimo  cancer  risk/pg  extracMbie  organic  matter/pm^  ranges 
over  nearly  two  orders  of  magnitude  (100-fold)  and  Is  similar 
to  the  range  in  potency  for  the  organic  matter  emittad  from  the 
three  human  carcinogens  to  which  these  sourcee  are  com¬ 
pared.  The  human  cardnogens  ranM  from  9.3  x  10~*  cancer 
risk/g  extractable  organic  mattar/m'for  coke  oven  emisaions 
to  2.2  X  10~*  for  dgarette  smoke.  When  the  cancer  unit  risk  is 
expressed  as  pg  particulate  matler/m’,  the  range  in  potency 
is  reduced  to  one  order  of  magnitude. 

Introduction 

In  the  early  1900t,  the  first  chemicals  recognized  to  be 
human  and  anhnal  carcinogens  were  conqrlex  mixtures  of 
cool  tan  and  coal  soot  from  chimneys.^'^  Ftactionadon  and 
animal  bioossqr  of  these  mixtures  resulted  in  the  identifica¬ 
tion  of  carcincfenic  polycyclic  organic  matter  (POM).^^ 
POM  is  a  general  tenn  refetTing  to  a  complex  mixture  of 
polycyclic  aromatic  compounds  including  many  diverse  clas¬ 
ses  of  hydrocarbons  (e.g.,  polycyclic  aromatic  hydrocarbons, 


[PAHs]).  substituted  aromatic  hydrocarbons  (e.g..  nitiated- 
PAH),  and  heterocyclic  aromatic  conqrounds  (e.g.,  aza- 
arenes).  The  earliest  recognized  sources  of  carcinogenic 
POM  were  derived  from  coal-related  processes,  particularly 
combustion;  however,  POMs  are  emitted  from  the  combus¬ 
tion  of  petroleum  (e.g..  diesel  and  gasoline  fuel),  wood,  and 
synthetic  chemicals  (e.g.,  plastics).  Although  several  car¬ 
cinogenic  PAH  species  are  ktwwn  to  accouitt  for  a  significant 
portion  of  the  cancer  risk  associated  with  POM  from  coal  tar 
soot^**^^  and  some  petroleum  combustion  emissions,  PAHs 
do  not  accoum  for  all  the  carcinogenic  activity  of  several 
other  POM  sources  (e.g..  diesel  emissions,  urban  aerosol).^^*^^ 
Scientific  consensus  working  groups  considering  the  use  of 
benzo[a]pyrene  (B[a]P)  as  a  marker  of  cancer  risk  concluded 
that  B[a]P  alone  is  not  a  good  surrogate  for  PAH,  POM,  or 
cancer  risk.^^  Recent  improvements  in  quantitative  chemical 
analytical  detection  methods  for  measuring  POM  species 
have  shown  that  B  [a]P  is  not  always  well  correlated  with  total 
PAH  content  and  that  many  other  carcinogenic  chemicals, 
such  as  other  PAHs.  substituted  PAHs  (e.g..  nitro-PAH), 
aromatic  amines,  and  aza-arenes,  are  present  in  conqilex 
POM  mixtures. 

The  primary  source  of  POM  in  air  pollution  is  from 
combustion  of  fossil  fuels  (e.g.,  coal,  oil,  gasoline,  diesel 
fuel),  vegetative  matter  (e.g..  wood,  tobacco,  biottuss),  or 
synthetic  chemicals  (e.g..  municipal  and  hospital  wastes, 
hazardous  waste,  plastic  waste).  These  products  of  incom¬ 
plete  combustion  luve  generally  been  referred  to  as  PICs,  and 
the  cancer  risk  from  PICs  are  thought  to  arise  primarily  from 
POM  (the  polycyclic  organic  matter  generally  associated 
with  the  particle  or  soot  component  of  the  HQ.  The  car¬ 
bonaceous  sort  psticles  emitted  from  combustion  sources 
contain  most  the  POM  component  that  induces  turnon  in 
aninuds  and  mutations  in  cells  and  has  been  clearly  inmli* 
caied  in  epidemiological  studies  as  a  human  caicinogen.^^ 
Incomplete  combustion  products,  however,  also  contain 
gaseous  chemicals  that  are  carcinogenic,  such  as  benzene. 
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Chemicai  Risk  Asseasmant 


TABLE  L  Cancer  UnM  RIak  Eatimataa  Baaad  on  Human  EpMamioiogical  Data  and 
Uaad  In  thaComparativaPotaney  Method _ 


POM  Unit  Risk:  Best  Estimate 

Litetime  Risk/pg  Organic  Mattar/m^ 

Emission  Source 

(Lower  LimiMJpper  Limit) 

Coke  oven 

X 10"*  (5.0  to  15.0  X  lor*)* 

Roofing  tir  (coal) 

3.6x10"*  (1.0  to  7.2x10"*) 

dgarstla  smoko 

2.2x1O'*(2.2te3.7x10r*) 

*Frem  /Ubart  at  wtw  baaad  lha  ooka  ovan  unit  risk  aadmata  on  ttia  U.S.  EPA  raport  *Tha 
Cardnogan  Aaaaaamant  Group's  Caidnogan  Aaaaasmant  of  Coka  Ovans.'  OHEA^1-018,  U.S. 
Qovammant  PrinOno  Offioa,  1062.  In  1060,  tha  U.S.  EPA  CRAVE  Work  Group  roviaivad,  variliad. 
md  putdahad  in  ttia  Iniagrdad  Risk  information  Systam  (IRIS)  a  ravisad  ooka  ovan  unit  ^  of  6.2 
X  1(P  baaad  on  ttia  Aganeya  1084  Cardnogan  Aaaaaamant  of  Coka  Ovan  Emiaaions.^'”’  Pbr  ttia 
purpoaaa  of  this  papar,  ttia  original  aalimata  of  0.3xi(r*ia  uaad  to  baoonaiatamwitti  ttia  publications 

matiidi  ttiis  raoort  is  baaad. 


aldehydes,  and  alkenes  (e.g.,  1  ^-butadiene),  and  semivoIatUe 
organic  compounds  which  have  not  been  well  characterized 
either  chemically  or  toxicologically. 

The  complexity  of  die  POM  emissions,  estimated  to 
contain  thousands  of  chemicals,  has  precluded  the  quantita¬ 
tive  cancer  risk  assessment  of  these  emissions  based  <» 
atuiysis  of  its  components.  Because  human  exposure  to  these 
POM  emissions  occurs  as  the  whole  complex  mixture,  both 
qualitative  assessment  and  quantitative  assessments  of 
^  human  cancer  risks^*^  have  been  based  on  either  the 
whole  emissions  (FIQ  or  the  POM  component 

Recently,  Thotslund^**^has  proposed  the  use  of  amethod 
that  could  be  described  as  a  "B[alP  equivalents  factor  ap¬ 
proach"  based  on  assessing  the  risks  from  mixtures  containing 
PAHs  by  comparing  the  relative  carcinogenic  potency  (in 
rodents)  of  several  individual  PAHs  to  the  carcinogenic 
potency  of  B[a]P  to  determine  the  potency  of  each  PAH 
relative  to  B[a]P.  These  relative  potencies  (B[a]P  equiv¬ 
alents)  are  then  multiplied  by  the  concentration  of  the  in¬ 
dividual  PAHs  in  the  mixture  and  summed  to  estimate  the 
total  cancer  risk.  This  approach  would  underestimate  the  risk 
if  any  other  carcinogenic  components  are  present  It  may  be 
particularly  useful  for  simple  PAH  mixtures  or  for  those 
complex  mixtures  where  it  can  be  demonstrated  that  the  PAH 
component  accounts  for  the  carcinogenicity  of  the  whole 
mixture.  One  disadvantage  of  this  approach  is  that  there  is  not 
direct  evidence  fbr  the  human  carcinogenicity  of  the  in¬ 
dividual  PAR 

The  comparative  potency  method  forcancerriakassesa- 
meitt  of  POM  mixtures  described  in  this  report  relies  on  both 
epidemiologicai  data  resulting  from  human  exposure  to  the 
whole  mixture  arxl  tumor  initiation  potency  rating  frtxn 
treatment  of  mouse  skin  with  the  extractable  organic  matter 
(EOM)  from  the  emissions. 

Whal  Is  th«  CompirattvB  PotMiqf  Itelhod? 

The  comparative  potency  method  for  human  cancer  risk 
assessment  of  complex  mixtures  of  POM  is  a  metiiod  for 


estimating  human  cancer  risk  when  there  are  no  human  cancer 
data  for  the  specific  POM  mixture  being  assessed,  but  there 
ate  human  cancer  data  for  a  similar  POM  mixture.^’^'*^  The 
human  cancer  risk  of  the  unknown  mixture  is  estimated  by 
using  the  relative  bioassay  potency  of  the  unknown  mixture 
and  known  human  carcinogen  multiplied  by  the  human 
potency  of  the  known  human  carcinogen.  The  underlying 
assumption  in  this  method  is  the  constant  relative  potency 
hypothesis  described  in  the  following  section. 

Tlw  Constant  Relative  Potency  Hypothesis 

The  comparative  potency  method  is  based  on  die 
hypothesis  that  there  is  a  constant  relative  potency  across 
different  bioassay  systems  (e.g.,  human  and  rodent),  where 
relative  potency  is  determined  by  the  ratio  of  the  slopes  of  the 
dose  responses  from  die  same  bioassay,  as  shonvn  below; 

relativo  potency.  gpa^V  PO»rqr  of  carcinogen, 
bioassay  potency  of  carcinogena 

The  bioassay  potency  for  each  POM  emission  source  is 
determined  from  the  slope  of  the  dose-response  curve. 
Several  methods  fbr  estimating  this  slope  have  beoi  ex¬ 
amined  for  mutamiicity  bioassays^*^  and  the  mouse  skin 
tumor  assay.^’^'*^  The  general  expression  for  the  constant 
relative  potency  h]q)othesis  for  estimating  human  cancer 
potency  is  the  following: 

relativa  human  potency  _ 
ralativa  bioassay  potency 

The  human  cancer  potency  has  been  determined  using 
the  linear,  nonthreshold,  extrapolation  model  and  is  expressed 
as  the  individual  lifetime  excess  lung  cancer  risk  from  con¬ 
tinuous  exposure  to  1  pg/tn^  inhaled  air.^*^^  The  human 
cancer  potties  Oung  cancer  unit  risks)  for  the  three  known 
hunm  carcinogens  are  shown  in  Table  L 

The  constant  relative  potency  assumption  is  implicit  in 
mty  comparison  that  utilizes  the  relative  toxicity  of  two 
substances  in  animals  to  enimate  their  relative  toxicity  in 
humans.  This  constant  relative  potency  assumption  is  an 
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experimentally  testable  hypothesis  if  the  relative  potency  of 
two  mixtures  or  components  in  one  bioassay  (e.g.,  humans) 
can  be  determined  and  compared  to  the'relative  potency  in  a 
second  bioassay.  The  test  of  this  hypothesis  is  whether  there 
is  a  constant  relationship  (k)  between  the  relative  potencies 
in  the  two  bioassays  being  compared.  The  current  limitation 
to  our  testing  of  this  hypothesis  is  the  availability  of  human 
lung  cancer  dau  for  quantitative  estimation  of  the  human 
cancer  risk.  Research  is  now  in  progress  to  expand  the  human 
database  to  include  at  least  one  additional  human  carcinogen, 
smoky  coal  combustion  emissions.^*^^  The  human  cancer 
potency  estimate  will  be  based  on  a  highly  exposed  popula* 
tion  of  women  in  China  who  are  exposed  indmrs  to  smoky 
coal  emissions  and  have  a  high  lung  cancer  rate.^^^^ 

Testing  and  V^kiation  of  the  Constant  Relative 
Potency  Hypothesis 

This  hypothesis  was  initially  tested  for  three  complex 
POM  emissions  from  a  coke  oven,  roofmg  coal  tar  pot,  and 
cigarette  smoke  by  using  the  human  lung  cancer  data  from 
epidemiological  studies  of  humans  exposed  to  these  emis¬ 
sions,  as  shown  in  Table  L  The  relative  human  cancer  poten¬ 
cy,  as  expressed  by  lung  cancer  unit  risks,  was  compared  to 
)f  these  emission  sources  in  a  series  of  bioas- 
Human  lung  cancer  unit  risk  estimates;  animal 
tumorigenicity  data;  and  short-term,  mutagenesis  bioassay 
data  were  developed  for  each  of  these  emission  sour- 
^^(13,16,17)  relative  bioassay  potency  for  several  of 
these  bioassays  is  shown  in  Table  Q,  where  the  ratio  of  the 
dose-response  slopes  for  each  of  the  POM  emission  sources 
listed  was  normalized  to  (divided  by )  the  coke  oven  emissions 
within  each  bioassay.  The  potetKy  of  these  three  POM  emis¬ 
sions  in  the  mouse  skin  tumor-inidation  assay  resulted  in  the 
highest  correlation  across  these  three  huttun  carcinogens. 
Although  further  research  on  this  methodology  is  continuing 
using  additional  human  data^’^*^^  for  current  applicatiota  of 
the  comparative  potetKy  method,  the  mouse  skin  tumor-in¬ 
itiation  assay  is  proposed  as  the  only  bioassay  that  produced 
a  constant  relative  potetKy  across  dw  coke  oven,  roonng  tar, 
and  cigarette  smoke  emissions  adeqiute  to  support  the  as¬ 
sumptions  in  the  c(»iq)arative  potency  method. 


the 

says. 


potetKy  c 


The  validity  of  this  constant  relative  potetKy  hypothesis 
may  depend  on  the  chemical  nature  of  the  mixtures  being 
compared  and  the  similarity  of  those  mixtures.  (Charac¬ 
terization  of  the  POM  from  these  three  emission  sources 
identified  a  wide  range  of  polycyclic  aromatic^*^  com¬ 
pounds.  In  getKial  terms,  these  POM  mixtures  are  similar  in 
dKir  relatively  high  content  of  polycyclic  aromatic  com¬ 
pounds.  All  of  the  mixtures  contain  PAHs;  however,  the 
relative  concentration  of  these  PAHs  differ  substantially 
among  the  mixtures.  The  coke  oven  emissions  and  cigarette 
smoke  contain  mutagenic  basic  constituents  containing 
nitrogen;  however,  the  specific  nitrogen  heterocyclic  com¬ 
pounds  are  differem  in  these  two  mixtures  and  the  roofing 
coal  tar  emissions  do  not  contain  these  nitrogen  basesP^ 

Another  approach  to  evaluation  of  this  method  is  to 
compare  dK  catKer  unit  risk  estimates  obtained  by  the  com¬ 
parative  poteiKy  method  to  risk  estimates  obtained  by  species 
extapoladon  ^m  chronic,  lifednne,  animal  inhalation 
studies.  The  comparative  potetKy  method  predicted  a  hutruui 
lung  catKer  unit  risk  for  (Uesel  emissions  that  is  very  similar 
to  the  unit  risk  estirrtate  for  the  sattK  diesel  vehicle  used  in  a 
lifetirrK,  rodent  inhalation,  carcinogetKsis  study.^^^  A  more 
recent  extrapolation  from  three  rodent  inhalation  studies^^^ 
resulted  in  unit  risk  estimates  similar  to  those  obtained  in  the 
comparative  potency  method.  These  two  independent  ap¬ 
proaches  to  the  cancer  risk  estimation  of  the  POM  from  diesel 
emissions  results  in  very  similar  cancer  unit  risk  estinutes. 

Application  of  tho  Comparative  Potency  Method 

The  first  application  of  this  method  to  the  estimation  of 
the  human  lung  caiKer  unit  risk  was  for  the  POM  associated 
with  diesel  particle  emissions.^  The  catKer  unit  risk  for  the 
diesel  emissions  was  determined  based  on  the  relative  poten¬ 
cy  of  the  diesel  POM  compared  to  each  of  the  human  car¬ 
cinogens  (e.g.,  coke  oven  emissions)  as  shown  below; 

Diesel  risk  -  Coke  oven  risk 
X  Relative  potency  [  Diesel  i-  Coke  oven] 

The  average  unit  risk  for  the  most  potent  diesel  sample  across 
three  comparative  human  carcinogens  was  4.4  x  10*^  lifetime 
risk/pg  organic  matter/m^  (3J  x  10~^  risk/pg  paiticleAn^). 


TABLE  RComperteon  of  Relative  Potenclee  of  the  Human  Cardnogene  In  Several 
BloaaaaySyatama* _ 


Human 

Lung 

Cancer 

Tumor 

Irritlation 

Mammalian 

Cell 

Mutation 

Microbial 
Mutation 
TA98  (fMA) 

Cokaovantopaida 

1.0 

1.0 

1.0 

1.0 

Rooing  (ooaO  tar 

0.30 

0.20 

1.4 

0.78 

CtoaraOaainoka 

0.0024 

0.0011 

0.52 

*AI  of  ttw  bioaaaay  potancies*’**  tar  each  emiaalon  is  oomparad  (normaNzad)  ralativa  to  ooka  ovan 
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TABLE  n.  Canear  Unit  RMc  Eatknalaa  for  POU  and  Partieiiiala  llailar  ftom  Typical 
CowilmalliNi  TIoiaTaa  aa  Dalai  iiiliiart  tiy  lha  Cfniipafailra  Polanry  Maltiort^ 


Emission  Source 

POM  Unit  Risk 
(INstlme  rlsk^ 
organic  matter/m^ 

Partida  Unit  Risk 
(IHslimarisk^ 
particulals  mattacftn^ 

Automab8s.<3asolina 

Cstsiyst**-”* 

AJZxiO* 

i.8xior* 

Nanitotoiysl<*-** 

1.1  X  iir* 

i.6xiir* 

Automobla,  Otossta^'^^ 

23xior* 

zexior* 

Trucks,  Oto^^'^ 

6.6x10r* 

i.8xiir* 

Woodstova.  soft  wood<’^ 

ETxIir* 

1.0  xKT* 

Alumkiumsmsitor 

ElxKT* 

i.ixior* 

RisIdsnMsIo#** 

Alrpsniclssxtreet^ 

iJxior* 

o.»xiir* 

oano  (Ml  oonipafiio  via  raianva  niouMa  irmi  BanorHinaiKMi  powicy  oi  mm  rmw  irmii  panicw 
amiMiana  ftoai  Ciaaa  aouiraa  to  tha  raialiva  huinan  Iimiq  cancar  unil  riaka  for  POM  ainiaaiona  taiti 
human  AMamiwiwnit^  (fata  fcoka  ovnna.  reoCno  tor  food,  and  riwAA  ■moka). 

"AMaraga  of  tao  IgM-duty  dtoaal  vahtctoa. 

^CofMiMng  ambtont  aoodsffloka  (64%)  and  mofaiia  aourca  amintona  (38%).*^ 


Two  other  light-duty  diesel  vehicles  had  very  similar  unit 
risks  of  1.3  and  1.2  x  lO'^/pg  organic  maiterAn^  (2J  and  2.0 
X  10"*4ig  paiticle/m^).^*^' 

Comparison  of  the  mutagenic  potency  of  a  series  of  POM 
from  diesel  and  gasoline  vehicle  emissioiu  in  Salmonella 
typhimurium  with  the  tumorigenic  potency  showed  high  cor- 
relatirxis  between  the  two  bioassays.^^^  the  tumorigenic 
potencies  and  the  mutagenic  potencies  of  this  series  of  diesel 
and  one  gasoline  emission  engine  were  also  highly  conelated 
with  the  concentration  of  nitrated  PAH  and  PAH  in  the  POM 
mixture.^^^  This  provides  further  evidence  that  the  chemical 
similarity  of  th^  automotive  emissions  may  justify  the 
extension  of  the  use  of  the  short-term  mutagenicity  bioassay 
to  estimate  the  comparative  human  risk  of  automotive  emis¬ 
sions  that  can  be  shown  to  be  substantially  similar  chemically . 
In  Albeit  et  al./*^^  several  short-term  bioassays,  which  were 
ail  highly  correlated  with  the  tumor  initiation  potency^*^  for 
this  series  of  automotive  emissioiu,  were  used  to  estimate  the 
human  lung  cancer  unit  risks.  In  order  to  use  the  relative 
potency  in  mutagenicity  bioassays  to  predict  the  relative 
potency  in  the  mouse  skin  tunwr  assay,  the  constant  relative 
potency  hypothesis  was  tested  and  the  propmtionality  con- 
staitt  (Ip  itt^  in  the  compantive  potency  method  was  deter¬ 
mined.'*^  An  adequate  database  comparing  the  mouse  akin 
tumor  potency  to  tte  mutagenicity  potency  are  necessary  in 
order  to  extend  this  method  to  the  use  of  short-term  bioassays 
to  estimate  relative  potency.  Only  in  die  case  of  this  aeries  of 
automotive  emissioru  has  such  a  validation  of  the  compara¬ 
tive  potency  method  for  short-term  bioassays  been  ac¬ 
complished.'^**^ 

Since  the  initial  application  of  the  comparative  potency 
metbodtotheestimationofcancerunitiiaksfordieaelenus- 
skjtto,  new  studies  of  other  POM-containing  emisaions  have 
been  conducted.^^*  Mouse  skin,  tumor-initiation,  dose- 
response  studies  of  additional  automotive  etnissiona  (e.g. 
noncatalyst,  leaded  gaaoUne  emissions),  woodatove  emis¬ 


sions,  residential  (til  combustion,  urban  air  particle  extracts, 
and  aluminum  smelteremissi(MU  have  been  completerL  Using 
the  relative  potencies  in  the  mouse  skin  tumor-initiation 
assay,  the  lung  cancer  unit  risk  has  been  estimated  for  these 
POM  emission  sources,  as  shown  in  Table  m  These  unit  risks 
range  from  9.1  x  10*^  to  6.6  x  10*^,  a  range  similar  to  the 
range  of  unit  risks  for  the  three  carcinogens  used  in  the 
comparative  potency  methoiL  If  the  huiiuui  cancer  risk  is 
expressed  as  risk  per  )ig  of  particulate  matter  per  cubic  meter 
of  inhaled  air,  rather  than  per  )ig  organic  matter  (e.g.,  POM), 
then  the  lung  cancer  risks  for  many  of  these  sources  are 
remarkably  similar,  and  the  range  in  potency  is  reduced  from 
two  orders  of  magnitude  difference  for  the  organic  matmr  to 
one  order  of  magnitude  difference  between  differem  STMUces 
for  the  particulate  matter. 
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Issues  Surrounding  Comparative  Risk  Assessements 
of  Operational  Materials:  An  Example  with  Air  Force 
Hydraulic  Fluids 

David  R.  Mattie,^  Harvey  J.  Qewell,  HI,®  and  Melvin  E.  Andersen^ 
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New  products  entering  today’s  marketplace  frequently 
undergo  toxicity  testing  to  determine  the  potential  risks  they 
pose  to  expos^  people.  Not  uncommonly,  these  products 
undergo  more  extensive  testing  than  materials  that  have  been 
in  use,  are  often  products  intended  for  the  same  end  use,  and 
may  have  completely  different  toxicity  profiles  in  test  animals. 
Dif^ences  in  the  nature  of  the  products,  the  amount  of  toxicity 
data  available,  and  differing  target  tissues  for  the  materials 
complicate  comparisons  of  the  potential  human  health 
hazards  of  various  products.  Espe^ly  difficult  interpretive 
issues  arise  when  new  products  cause  effects  in  experimental 
animals  that,  for  compelling  biological  reasons,  are  not  ex¬ 
pected  to  occur  in  humans  or  other  primates.  S^e  of  these 
issues  in  comparative  hesJth  risk  assessment  of  new  materials 
are  highlighted  by  Air  Force-sponsored  studies  of  a  candidate 
nonflammable  hydraulic  fluid  based  on  polychlorotrifluoro- 
ethylene  oligomers.  This  material  has  pe^nmance  charac¬ 
teristics  similar  to  hydrocarbon-  and  phosphate  ester-based 
fluids  that  are  currently  in  use. 

Introduction  and  Background 

Polychl(»otrifluoroethylene  (PolyCTFE)  3. 1  oil  is  a  can¬ 
didate  base  stock  for  a  nonflanunable  hydraulic  fluid  under 
considenuion  by  the  United  Stales  Air  Force  for  use  in 
advanced  aircraft.  No  cuirent  hydraulic  fluid  is  nonflanunble; 
hydraulic  fluid  flies  have  resulted  in  the  loss  of  a  number  of 
aircraft  in  the  past  In  addition  to  reducing  the  risk  of  aircraft 
flies,  PolyCTFE  3.1  oil  possesses  peifotmance  advantages 
for  high-piessuie  systems.  As  part  of  the  process  to  evaluate 
this  new  fluid  as  a  r^acement  forcunent  hydrocatbon-based 
hydraulic  fluids,  the  Air  Force  entered  upon  an  extensive 
research  program  to  deteimine  the  potential  toxicity  as¬ 
sociated  with  its  use.  The  conduct  of  tMs  research  provides  a 
useful  example  of  an  integrated  toxicology  program.  In  vivo, 
in  vitro,  and  computer  modeling  resources  were  combined  to 
provide  rapid  insight  into  the  nature  and  severity  of  toxic 
effects  observed  in  experimental  animals  and  to  simul¬ 
taneously  provide  an  assessment  of  the  relevence  of  the 
toxicity  to  humans. 


PolyCTFE  oligomers  were  previously  regarded  as 
'Tiiologicaliy  inert."  The  3.1  oil  has  very  low  acute  toxicity 
after  oral  ingestion  (rat  LDso>  9.2  g/kg).  inhalation  exposure 
(LCso  >  2.0  mg/L  in  rats),  or  application  to  the  skin  (dermal 
LDso  >  3.7  g/kg).  PolyCTFE  3.1  oil  is  not  a  skin  irritant, 
causes  minimal  eye  irritation,  and  has  only  mild  potential  for 
skin  sensitization.^*^ 

In  a  90-day  inhalation  study  with  the  3. 1  oil,^^*  groups  of 
ten  male  or  ten  female  rats  were  exposed  to  airborne  con¬ 
centrations  of  PolyCTFE  3. 1  oil  of  2^,  SOO,  or  1000  mg/m^, 
6  hours/day,  S  days/week  for  13  weeks.  All  rats  gained 
weight,  but  weight  gain  was  reduced  in  rats  at  the  highest 
concentration.  Liver  weight  increased  for  both  male  and 
female  rats  with  increasing  dose  of  PolyCTFE  3.1  oil. 
Reduced  weight  gain  and  increased  liver  weight  were  more 
marked  in  male  than  in  female  lats.^*  Repeated  exposure  to 
3.1  oil  also  resulted  in  slower  oligomer  excretion  than  ob¬ 
served  after  a  single  6-hour  exposure.  The  slower  rate  of 
excretion  after  repeated  exposure  appeared  to  be  due  to 
accumulation  in  body  fat  The  fat  has  a  high  storage  capacity 
for  PolyCTFE  oligomers  based  on  tissue/blood  partition  coef¬ 
ficients  of 400  for  trimer  and  750  for  tetramer.^^* 

At  necropsy ,  the  liver  was  greatly  enlarged  with  a  variety 
of  changes  in  cellular  structures.  Liver  cells  from  the  SOO  and 
1000  mg/m^  PolyCTFE  3. 1  oil  exposure  groups  were  two  to 
three  times  larger  than  cells  from  control  rats.  In  hepatocytes 
from  exposed  rats,  there  was  an  increase  in  number  of 
peroxisomes  in  liver  cells.  Rats  exposed  to  500  mg/m^  3.1  oil 
were  held  for  up  to  1  year  after  the  end  of  the  90-day  exposure 
to  deteimine  how  quickly  the  liver  effect  resolved.  At  day  105 
posiexposure,  the  liver  was  only  minimally  improved;  at  day 
236  postexposure,  livers  were  still  not  normal,  but  the  size  of 
die  cells  h^  decreased  to  near  control.  At  1  year  postex- 
posure,  the  livers  were  relatively  noimal,  indicating  liver 
toxicity  of  3.1  oil  is  only  slowly  reversible  in  rats.^^*  No  other 
organs  were  significantly  affected  and,  even  at  the  1000 
mg/m^  concentration,  no  rats  died  from  the  exposures. 
Repeated  oral-dosing  with  Halocaibon  27S,  a  higher-average 
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molecular  weight  PolyCTFE  oligomer,  caused  similar  toxic 
changes  in  the  livers.^^^  Peroxisome  increases  in  rats  have 
been  associated  with  liver  cancer  in  rats.^^^  There  is  no 
evidence  that  such  chemicals  cause  liver  cancer  in  humans. 

The  results  of  this  90-day  study  were  of  concern  for  two 
reasons.  First,  liver  effects  were  seen  even  at  the  lowest  dose 
tested.  Second,  industrial  hvgiene  data  from  an  actual 
hydraulic  fluid  test  system^*'  found  air  concentrations  of 
PolyCTFE  3.1  oil  of  approximately  100  mg/m^  in  a  worker’s 
breathing  zone  sample  taken  in  a  small  room,  and  more  than 
2S0  mgAn^  during  a  system  leak.  The  fact  that  occupational 
exposures  could  be  produced  on  the  same  order  as  exposures 
producing  toxic  effects  in  the  animal  studies  led  us  to  focus 
our  laboratory ’s  resources  on  elucidating  the  hazard  potential. 
In  addition,  the  effects  in  rats  were  only  very  slowly  reversed 
after  exposure. 

A  number  of  similarities  were  noticed  between  the  effect 
of  PolyCTFE  3. 1  oil  and  perfluorodecanoic  acid  (PFDA).  a 
compound  previously  stuped  in  our  laboratory Based 
on  these  observations  and  the  expected  omega  oxidation  route 
of  n-alkane  metabolism,  it  appears  that  PolyCTFE  oligomers 
are  converted  to  acids  in  the  liver  and  that  the  acid  was 
responsible  for  the  toxicity.^*^*^^ 

Mrthods 

Hazard  Assessment  Studies 

A  decision  tree  paradigm  was  used  to  detenniae  the 
relevance  to  humans  of  the  liver  toxicity  in  rodents  (Figure 
1).  The  working  hypothesis  related  toxicity  to  formation  of 
PolyCTFE  oligomer-induced  toxic  acid  metabolite  in  the 
liver.  The  no-effect-exposure  concentration  in  different 
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animals  should  be  approximately  equal  to  a  twntoxic  tissue 
dose  of  acid  metabolites.  The  primary  question  was  whether 
PolyCIFE  was  expected  to  be  toxic  in  primates.  If  PolyCTFE 
was  not  mutagenic  and  not  toxk  in  primates,  then  a  guideline 
could  be  proposed  based  on  a  no-effect  level  in  rodents.  A 
series  of  stupes  was  designed  to  test  this  hypothesis  and 
answer  the  questions  raised  by  the  decision  paradigm  in  order 
to  assess  the  potential  hazard  of  PolyCTFE  3.1  oil  to  humans. 
The  studies  used  were  1)  No  Effect  Study,  2)  Mutagenicity. 
3)  Acid  Toxicity  Study,  4)  Physiologically  Based  Phar¬ 
macokinetic  Moiling.  5)  Primate  Studies,  6)  Comparative 
Study  of  PolyCTFE  Formulations,  and  7)  Comparison  to 
(Dperational  Hydraulic  Fluids. 

rest  Materia/ 

The  candidate  hydraulic  fluid  is  a  PolyCTFE  mixture 
consisting  of  low-molecular-weight  oligomers.  The  formula¬ 
tion  of  interest  is  a  mixture  of  oligomers  blended  to  obtain  a 
viscosity  of  3.1  centistokes/g  at  lOO^C  PolyCTFE  samples 
were  analyzed  using  a  gas  chromatograph  (Model  37(X), 
Varian  Instrument  Group,  Palo  Alto,  CaUfomia)  equipped 
with  an  electron  capture  detector.  The  PolyCTFE  chromato¬ 
graph  shows  two  primary  groups  of  peaks:  the  first  is  the 
trimer  group  containing  three  monomelic  units  with  Ce  as  the 
major  component;  the  second  set  of  peaks  is  the  tetramer 
group  containing  four  monomeric  units  with  Cs  as  the  major 
componern  (Figure  2).  The  3.1  oil  hydraulic  fluid  contaiiied 
1 .0%  (v/v)  of  a  rust  inhibitor  additive,  neutral  barium  dinonyl- 
naphthalene  sulfonate.  A  second  additive  was  0.05%  (v/v)  of 
ai»oprietary  antiwear  compound.  Hazard  assessment  studies 
were  conducted  using  PolyCTFE  without  the  rust  inhibits 
and  antiwear  additives. 

PolyCTFE  3.1  oil  was  developed  as  a  replacement  for 
current  hydraulic  fluids.  Differences  between  these  hydraulic 
fluids  and  PolyCTFE  3.1  oil  were  not  known.  Current 
hydraulic  fluid^  MIL-H-S606  and  MIL-H-83282,  had  not 
been  studied  uiKier  repeated  dosing  exposure  conditions. 
Phosphate  ester  hydraulic  fluids  had  only  limited  repeated 
dose  studies.  In  addition,  a  low-temperature  version  of  MIL- 
H-83282  (LT  83282)  was  develop^  as  a  replacement  for 
MII^H-5606.  Three  fluids,  MIL-H-Sd06.  MIL-H-  83282.  and 
LT  83282,  all  have  hydrocarbons  as  their  base  stock.  MIL-H- 
83282  has  atrimer  polyalphaolefin  as  the  base  stock,  whereas 
LT  83282  has  a  diinerArimer  blend  of  polyalphaolefin  as  the 
base  stock.  MIL-H-S606  fluid  is  a  naphthalinic-based  stock. 

RMUitt 

No  Effect  Study 

A  second  90-day  inhalation  study  was  conducted  to 
detetmine  a  no-cfiect  level  for  PolyCIFE  by  inhalatioo.^’^^ 
Ten  male  rats  per  group  were  exposed  at  10,  50.  and  250 
mgftn^  PolyCIFE  3.1  oiL  6  hours/day,  5  daya/week  for  13 
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weeks.  Female  rats  were  not  exposed  in  this  study  because 
they  were  observed  to  be  less  sensitive  than  males  in  the  first 
90tey  study.  PolyCTFE  without  any  additives  was  used  in 
diis  snidy  to  determine  if  the  additives  have  an  affect.  The 
2S0  ms/im^  dose  was  repeated  in  order  to  confirm  the  effects 
in  the  first  study. 

Statistical  analysis  of  the  weekly  body  wdghts  for  all 
five  doses  of  PolyCTFE  (both  90-day  studies),  including  both 
sets  of  control  and  2S0  mg/itn^values,  revealed  no  differences 
between  control  and  expoaed  animal  weights.  Rats  exposed 
at  1000  mg/tai^  showed  the  smallest  increase  in  body  weight 
resulting  in  the  fewest  terminal  body  weight  of  all  the  groups. 
When  the  actual  mean  weight  gains  were  calculated  and 
analyzed,  statistical  differences  were  found  at  various  time 
points  for  2S0,S00,  and  1000 mg/lm^Mean-wei^-gain  data 
allowed  that  there  was  no  effect  at  the  10  and  SO  mg/kn^ 
concentrationa.^**^ 

Liveefeody  weight  ratios  were  also  analyzed  coUecdvdy 
far  both  90'4lay  studies.  The  liver  to  body  weight  ratio  at  SO 
mgAn^  was  the  only  parameter  at  this  coocentratioo  that  was 
statistically  greater  than  values  far  control  rats.  Alfaou^ 


livers  examined  histologically  and  by  transmission  electron 
microscopy  (TEM)  were  not  identical  to  control  livers,  the 
differences  seen  at  the  so  mg/m^  dose  were  not  adverse.  Also, 
there  were  no  changes  seen  by  TEM  between  control  rat  livers 
and  liven  fiom  rats  exposed  at  10  mg/kn^  for  90  days.^*^^ 

The  number  of  peroxisomes  per  electron  microscopic 
I^iotogtaph  (3O,00OX  enlargements)  was  counted  to  quan¬ 
titate  peroxisomal  proliferation  (Figure  3).  The  2S0  mgAn^ 
dose  resulted  in  essentially  the  same  number  of  peroxisomes 
in  hepatocytes  as  in  the  first  study.  The  number  of 
peroxisomes  was  not  statistically  greater  than  control  nutn- 
ben  until  the  230  mg/m^  dose,  althou^  there  was  a  trend 
toward  increases  in  number  of  peroxisomes  at  the  two  fewer 
concentrations.^  ’ 

To  fkniher  quantitate  peroxisomal  prtdiferation,  beta- 
oxidation  rates  ^gure  4)  representing  the  activity  of  the 
enzymes  in  peroxisomes  were  determined.  The  enzyme  ac¬ 
tivity  was  statistically  increased  at  10  mg/in^  PolyCTFE  3.1 
oiL  This  was  the  only  parameter  in  which  a  significant  in¬ 
crease  was  fouiKl  at  die  fewest  dose.  Data  were  not  collected 
far50mg/kn^^’^^ 
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At  the  250  mg/lm^  dose,  clinical  chemistiy  analysis 
revealed  statistically  significant  increases  in  plasim  alkaline 
phosphatase  and  blood  urea  nitrogen  (BUN)-  There  were  no 
changes  in  clinical  chemistiy  parameters  at  the  two  lower 
doses.^'^' 

Mutagenicity  Assays 

PolyCTFE  3.1  oil  was  assessed  for  mutagenicity  using 
the  following  assays:  Ames  SalmoneUa  reverse  mutation, 
hypoxanthine  guanine  phosphoribosyltransferase  (HGPRT) 
locus  Chinese  hamster  ovary  (CHO)  gene  mutation, 
CHO/sister-chromatid  exchange  (SCE)  and  chromosome 
aberration,  BALB/C-3T3  cell  transformation,  and  in  vivo/in 
vitro  unscheduled  DNA  synthesis  (UDS).^*^  All  were  con¬ 
ducted  both  in  the  absence  and  presence  of  S9  fiaction 
microsomal  enzymes. 

The  results  of  the  genetic  tests  indicate  that  PolyCITE 
3.1  oil  has  no  significant  interaction  with  genetic  material. 
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The  results  were  negative  for  five  of  the  six  genetic  end 
points.  Tlie  HGPRT  locus  CHO  gene  mutation  assay  nve 
equivocal  results  without  S9  but  was  negative  with  S9.^^ 

Both  the  PolyCTFE  trimer  and  tetramer  acids  were 
evaluated  in  the  same  assays  as  the  3.1  oil  with  the  excqXion 
of  the  BALB/c-  3T3  cell  tiiuisfoimation  assay  which  was  not 
conducted  for  the  acids.  PolyCTFE  acids  were  nerative  in  all 
tests  conducted  for  assessing  genotoxk  activity.^'*^^ 

Pt^TFE  Add  Study 

The  toxicity  of  PolyCTFE  acids  was  examined  by  deter¬ 
mining  the  LDjo  for  trimer  and  tetramer  acids.  The  trimer  acid 
LDso  was  die  same  in  male  and  female  rats  (396  mg/kg).  The 
tetramer  acid  LDso  in  male  rats  (88  mg/kg)  was  much  lower 
and  similar  to  the  toxicity  of  PFDA.  The  toxicity  of  the 
tetramer  acids  on  female  rats  (352  mg/kg)  was  only  siighdy 
leu  compared  to  the  trimer  acids.  Sex  differences  were  also 
noted  in  the  toxicity  of  PFDA.^’^  When  rats  were  dosed 
weeky  at  the  LDio  for  12  months,  only  the  tetramo'  acids 
caused  an  increased  liver  weight  and  liver  pathology.^’^^ 

Physkjkjgically  Based  Pharmacokinetic  Model 

An  important  part  of  the  investigation  of  PolyCTFE  3.1 
oil  toxicity  wu  the  developmem  of  a  {diysiologically  based 
pharmacoldnetic  (PBPK)  model  fiom  the  rodent  9().^y  ex- 
periments.^^^Tlie  primary  biological  determinants  of  the  dis¬ 
position  of  PblyCITE  were  bloodair  and  fatiblood  partitian 
coefficients,  ratu  of  metabolism,  and  pulmonary  absorption. 
Metabolism  of  PolyCTFE  by  end-group  oxidation  produces 
the  toxic  acid  specks  and  fluoride  ion  that  can  both  be  readily 
detected.  In  rats,  the  values  for  these  model  parameters  (Tabk 
I)  provided  a  good  description  of  kinetics  of  the  trimer  and 
tetramer  under  various  inhalation  exposure  conditions  (Fig¬ 
ure  5). 

The  rat  model  wu  used  tt  the  basis  for  scale-up  to  create 
and  test  a  similarly  stnictured  model  for  oral  daring  with 
PolyCTFE  in  monkeys.^**^  The  scakd-up  model  wu  then 
used  to  esrimaiB  the  appropriate  dow  levels  for  the  primate 
studies.  The  model  parameters  (Tabk  I)  for  the  monkey 
produced  a  good  desoiption  of  the  overall  kinetk  profiks  in 
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TABLE  L  Paramalar  Vahiaa  Uaad  In  PBPK  Modato  tar 


PolyCTFETrlniafandTatfaniarlnRataandlnPrlniataa 


Rats  (kihalalion) 

Primates  (Oral) 

Paramolsr 

Trimer 

Tetramer 

Trimer 

Tetramer 

OootSat 

33 

35 

33 

35 

FalMood 

400 

750 

400 

750 

Rato  Of 

maliboltfn^ 

2.0 

1.0 

^0 

1.0 

— 

— 

8a 

9.2 

*P«rhour,lora1  Kg  animal.  ad|uafd  alomalricaBy  by  body 
walght  (BW)  to  tha  nagaiva  onaewd  powar.  La.,  rata  (hr~' 


this  second  species  by  another  route  of  administration  (Figure 
6).  To  obtain  these  curves,  die  absorption  was  set  to  be  less 
than  10%.  PolyCTFE  does  not  appear  to  be  well  absorbed 
from  the  gastrointestinal  tract  in  m^eys  based  upon  actual 
data  and  the  model.  Development  of  the  model  will  continue 
with  the  addition  of  compartments  for  the  acid  metabolites  in 
order  to  provide  a  more  quantitative  comparison  of  risks 
across  species  than  could  be  performed  at  this  time. 

Primate  Studies 

The  concern  with  using  PolyCTFE  3.1  oil  is  whether 
humans  are  at  risk  of  I  ver  toxicity  from  achemical  that  causes 
peroxisomal  proliferation  in  rats.  Primates  are  usually  insen¬ 
sitive  to  the  liver  toxicity  associated  with  chemicals  that  cause 
peroxisomal  proliferation  in  rats.^^^  To  better  estimate  the 
relevaiKc  to  humans,  monkeys  were  dosed  once  every  3 
weeks  (two  monkeys  for  421  days)  or  daily  for  IS  days  (four 
monkeys).  Pharmacokinetic  measurements  were  made  on  the 
monkeys  dosed  for  421  da3rs.  Histopathology,  iiKluding 
electron  microscopy,  was  conducted  on  monkeys  dosed  for 
15  days^‘’>  and  421  days.^®’ 

Both  the  parent  trimer  and  tetramer  were  excreted  in  the 
urine  of  monkeys.  In  contrast,  very  little  tetramer  was 


detected  in  rat  urine.  Clinical  chemistry  measurements  ap¬ 
peared  normal.  There  was  no  increase  in  the  number  of 
peroxisomes  in  liver  cells  or  in  peroxisomal  enzyme  activity. 
Although  there  were  minor  structural  changes  seen  in  the 
primate  liver  cells,  the  changes  were  not  the  same  as  those 
caused  by  PolyCTFE  3.1  oil  in  rat  liver  cells.^*®^ 

The  concentration  of  trimer  and  tetramer  acid  was  low  in 
priirutes  in  the  15-day  study,  while  die  concentration  of 
tetramer  acid  was  five  times  greater  than  parem  tetramer  in 
die  liver  of  exposed  rats  (Figure  7).  Examination  of  geometric 
means  of  the  Cs:C4  ratios  also  shows  that  the  tetramer  is 
highest  in  the  livers  of  both  qiecies  (Hgure  8).  The  ratio  is 
lower  in  the  urine  of  primates  than  in  die  urine  of  rats, 
indicating  that  the  rat  clears  the  more  toxic  oligomer  less 
efficieittly. 

To  confirm  that  primate  liver  cells  do  not  respond  to 
PolyCTFE  acids,  primate  hepatocytes  were  treat^  with 
trimerandtetramer  acid  in  Vitro  under  the  same  conditions  as 
rat  hepatocytes.  Rat  and  primate  hepatocytes  were  exposed 
to  50  pgAnl  of  either  Cs  or  Cs  PolyCIFE  acid  for  96  minutes. 
Peroxisomal  beta-oxidation  increased  in  rat  hepatocytes  but 
not  in  primate  hepatocytes  (Table 

Comparative  Study  of  Formulations 

Two  comparative  studies  were  conducted  in  rats.  The 
ojective  of  the  first  study  was  to  compare  the  relative  toxicitj' 
of  differem  PoIvCTFE  oligomers  and  different  PolyCTFE 
formulatirais.^' Rats  were  dosed  orally  for  14days  with  1.25 
g/kg  of  pure  oligomer  (trimer  or  tetramer)  or  one  of  two  3. 1 
oil  formulations.  Body  weights,  liver  weights,  liver  pathol¬ 
ogy,  and  liver  enzym  activity  were  measured  to  assess  the 
degree  of  toxicity 

The  tetramer  was  toxic,  whereas  the  trimer  had  little 
toxicity.  The  standard  3.1  oil  formulation  of  PolyCTFE  con¬ 
sisting  of  trimer  and  tetramer  in  a  ratio  of  55:45  produced 
toxicity  similar  to  the  pure  tetramer.  The  3.1  oil  formulation 
of  PolyCTFE  consisting  of  trimer  and  high-molecular- weight 
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TABLE  n.  in  vMno  Comparison  of  beta^OxIdation 
of  Prtmary  Rat  end  Primate  Hepatocytes  After 
Exposure  at  SO  p0/ml  NilyCTFE  Adds  for  96 
IBnutae 


(nM/minMig) 

^St 

Primata 

Control 

NO* 

NO 

CsAdd 

13.2  ±7.7® 

NO 

CoAdd 

11.3  ±5.3 

NO 

jwddsdSble.  Limit  of  detection  »  3  nk^nlfVmg. 

*Valuee  repreeeni  ttte  mean  end  stendard  deviation  from  dree 
emerlmentaiMth  triplicate  piatea  tor  each  treatment  group. 


oUgomen  in  the  Cio  range  or  greater  in  a  ratio  of  93:5 
produced  toxicity  similar  to  pure  trimer.^^ 

Comparison  to  Operational  Hydraulic  Fluids 


RBC  and  hemoglobin  parameters).^^^ 

Only  PdyCTFE  3.1  oil  produced  the  same  liver  lesion 
seen  tfia  inhalation  e)qx)sure.  Liver  perox-isomal  beta- 
oxidation  enxyme  activity  was  elevated  above  control  rates 
for  all  hydraulic  fluid-exposed  rats.  A  conqMrison  of  both 
studies  revealed  that  liver  peroxisomal  beta-oxidation  en¬ 
zyme  activity  was  comparable  for  all  hydraulic  fluids  even 
t^gh  the  FtolyCTFE  and  PE  groups  received  only  half  the 
dosage  in  the  second  study.  More  protein  (hyaline  droplets) 
accumulated  in  the  kidneys  of  rats  exposed  to  hydraulic  fluids 
than  die  background  level  of  controls.  The  protein  accumula¬ 
tion  in  the  kidneys  of  rats  exposed  to  MIL-H-S606  was  severe, 
whereas  the  rating  for  the  other  hydraulic  fluids  was  mild.^^ 
A  subsequent  dose-response  study  of  MIL-H-S606  with  male 
rats  dos^  daily  for  2  weeks  revealed  an  increase  in  protein 
droplet  accumulation  in  the  kidney  at  a  concentration  as  low 
as  0.1  g/kg  (unpublished  data). 


The  second  comparative  study  examined  diflerences  be¬ 
tween  hydraulic  fluids  in  current  operational  use  and 
PolyCTFE  3.1  oil.^^^  Four  male  rats  per  fluid  were  dosed 
orally  with  1  g/kg/day  for  4  weeks.  The  fluids  tested  were 
PolyCTFE,  a  phosph^  ester  (PE),  MIL-H-83282,  MIL-H- 
5606,  and  a  low  temperature  version  of  MIL-H-83282  (LT 
83282). 

PolyCTFE  3.1  oil  and  the  PE  killed  three  of  four  rats 
although  die  dose  was  cut  in  half  afto'  the  third  week.  A 
second  study  with  four  male  rata/fluid  was  conducted.  The 
ratt  dosed  with  PE  and  PolyCTFE  3. 1  oil  were  given  OJ  g/kg 
in  the  secoral  study.  Rats  dosed  with  0.5  g  PolyCTFE  3.1 
oil/kg  survived  except  one  rat  developed  a  back  (^lem  atxl 
was  sacrificed  priOT  to  the  end  of  the  study.  One  rat  died  from 
dosing  with  MIL-H-5d06  in  each  of  the  studies.  The  rats 
appeared  to  be  more  susceptible  to  dosing  problems  with 
MdL-H-5606  than  with  the  other  fluids  tested.^^ 

Both  PolyCTFE  3.1  oil  and  PE  depressed  weight  gain  in 
tm.  MIL-H-5606  also  depressed  weight  gain  at  times 
throughout  the  second  study.  Weight  gain  was  normal  for  the 
83282  fluids  or  even  higher  than  control  weights.  Liver  and 
relative  liver  weights  were  increased  for  MIL-H-5<506,  PE, 
and  PolyCTFE  3.1  oil.  Relative  spleen  weights  were  also 
increased  by  PE  while  the  3. 1  oil  caused  an  increase  in  kidney, 
relative  kid^,  testes,  and  relative  spleen  wei^its.^^^ 

All  of  the  fluids  caused  an  increase  in  urinary  protein. 
MIL-H-83282  caused  an  increase  in  plasma  alkaline  phos¬ 
phatase.  An  increase  in  white  blood  cell  count  and  anemia 
(decreases  in  hemoglobin  parameters)  were  seen  for  LT 
83282.  POrsistent  diuresis  and  a  decrease  in  the  number  of 
lymphocytes  was  found  for  MIL-H-5606.  Exposure  to  PE 
resulted  in  decreased  BUN  and  creatinine,  diuresis,  and 
anemia  (decreases  in  hemoglobin  parameters).  PolyCTFE  3. 1 
oil  decreased  plasma  chloride  and  increased  plasma  proteins, 
liver  enzymes  (ALT,  AST),  and  alkaline  phonphatase.  Tte  3. 1 
oil  also  caused  a  reversible  diuresis  and  an  anemia  (decreased 


Discussion 

Pre-Use  Toxicity  Testing  of  Chemicals 

The  increasing  public  concern  about  the  toxic  effects  of 
nuuimade  chemicals  has  increased  expectations  regarding  the 
level  of  toxicity  information  that  should  be  available  before 
new  materials  are  put  into  use.  These  expectations  have  been 
given  the  form  of  law,  both  in  OSHA’s  Hazard  Communica¬ 
tion  Standard  and  in  the  requirements  under  the  Toxic  Sub¬ 
stances  Control  Act  (TSCA)  for  Prerruuuifocturing  Notifi¬ 
cations  on  new  products.  At  the  same  time,  new  products  are 
being  put  on  the  market  at  an  unprecedented  rate.  These 
combined  pressures  demand  a  new  approach  to  chetrucal  risk 
assessmem  that  provides  greater  use  of  short-term  test 
strategies,  mechariistic  studies,  and  computer  analysis  with 
less  reliance  on  the  traditional,  animal-intensive,  long-term 
studies. 

Chemical  Risk  Assessment  Approaches 

Chemical  risk  assessment  for  commercial  products  is  an 
extremely  complex  process.  Fim,  a  hazard  assessment  for  a 
given  chemical  is  performed  by  extrapolating  the  results  of 
snimal  toxicity  studies.  The  most  enduring  challenge  for  the 
toxicologiat  is  the  quantitative  interpretation  of  animal 
toxicity  results  to  predict  the  potential  for  human  harm.  This 
hunun  hazard  assessmem  must  be  combined  with  an  estimate 
of  the  potential  exposure  of  people  to  the  chemical  or  material 
in  the  specific  situation  of  concern  —  termed  tiie  exposure 
assessmem.  Combining  the  hazard  assessment  for  the  chemi¬ 
cal  with  the  exposure  estinute  produces  an  overall  risk  as¬ 
sessment  Considering  this  estimated  risk  together  with  other 
costs  and  potential  benefits  to  select  the  most  acceptable 
altenuttive  for  a  specific  scenario  is  temied  risk  irumagement 

Each  step  in  this  process  is  ftaught  widi  uncertainty.  As 
a  result  both  state  and  federal  regulatory  agencies  have 
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genenUy  employed  extremely  conservative  approaches,  with 
muitipk  safe-sided  assumptions  and  safety  factors.  In  recent 
years,  however,  there  has  been  growing  recognition  that 
extremely  conservative  risk  estitrudes  are  unrealistic.  A  mote 
pragmatic  approach  is  needed,  particularly  in  the  case  of 
chemicals  thtt  produce  carcinogenic  effects  in  animals  which 
are  of  questioiMble  relevance  to  humans.  Such  an  approach 
would  attempt  to  balance  a  quantitative  estimate  of  potency 
with  aqualitative  assesstnettt  of  the  likelihood  that  the  chemi¬ 
cal  is  birly  hazardous  to  humans.  The  difRculty,  of  course,  is 
that  the  deficiencies  in  the  current,  conservative,  risk  assess¬ 
ment  approach  do  not  by  themselves  provide  a  justification 
for  simply  reducing  current  risk  estimates.  There  has  to  be  a 
scientific  basis  for  obtaining  mote  accurate  estimates  to  en¬ 
sure  that  the  new  estinutes  can  be  defended  and  that  the 
assumptions  and  uncertainties  involved  in  the  risk  assessment 
process  crm  be  documented  and  improved  by  data  collection 
where  possible. 

Hazard  Assessment  Studies 

Although  the  liver/B  W  ratio  was  increased  at  50  mgAn^ 
in  the  second  90-day  study,  TEM  did  not  identify  any  adverse 
changes.  This  concentration  was  considered  a  no-observed- 
adverse-effect  level  (NOAEL).  The  no-observed-effect  level 
(NOEL)was  lOmgAn^  which  wasconfirmed  by  transmission 
electron  microscopy.  The  peroxisortui  eiuyme  dau  in  Figure 
4  shows  equivocal  support  for  the  NOAEL  and  NOEL  It  is 
not  known  what  the  enzyme  data  means  in  terms  of  classic 
toxicity.  Ruben  and  Wagner^^  discussed  the  concqx  of 
functional  change  versus  a  toxic  change.  Elcombe  and 
Styles,^  based  on  in  vitro  studies  of  human  liver  cells,  found 
that  humans  ate  insensitive  to  liver  growth  parameters  such 
as  an  increase  in  peroxisomes.  They  felt  that  the  use  of 
peroxisomal  proliferation  data  (and  related  tumor  data)  may 
be  inappropriate  to  assess  human  hazard.^^  The  increase  in 
peroxisomal  enzyme  activity  may  represent  a  functional 
change  in  the  liver  arxl  not  a  toxic  change  at  the  lower 
concentFtttons.  In  support  of  this  concept  are  the  data  show¬ 
ing  that  beta-oxidation  by  peroxisomes  in  hepatocytes  from 
tats  exposed  to  250  mg/m^  increased  in  response  to 
PolyCnC  3.1  oil  and  returned  to  control  levels  60  days 
postexposure.^'^^  The  relevance  of  peroxisomal  proliferaton 
to  human  liver  cancer^^^  and  the  concqit  of  a  functional 
change  versus  a  toxic  change^^  are  both  major  issues  today 
in  the  field  of  toxicology. 

An  erratic  response  to  PolyCTFE  3.1  oil,  observed  for 
mutagenesis  (with^  S9  only)  at  the  mPRT  locus  in  CHO 
cells,  eras  too  tenuous  to  rvanant  any  consideratioo  in  risk 
aaaeaamentf' ^  This  is  supported  by  the  fact  that  the  trimer 
and  tetramer  acids  were  negative  in  the  HC^T  locus  CHO 
gene  mutation  assqr  with  and  without  S9.  In  tat  liver,  no 
damage  to  DNA  was  detected,  but  treatment  adtfa  PolyCTFE 
3.1  oil  or  acids  caused  an  increase  in  cell  divisico  of 


hepatocytes,  a  fdiysiological  response  of  questionable  rele¬ 
vance  to  humans.  The  results  of  the  mutagenetic  battery 
predicts  no  genetic  risk  from  PolyCTFE  3.1  oil.^*^’**^ 

The  CTFE  oligomeric  acid  formed  from  the  tetramer 
the  same  toxicity  as  observed  with  PolyCTFE  3. 1  oil. 
These  data  ate  consistent  with  the  formation  of  acid  metabo¬ 
lites  as  part  of  the  mechanism  of  PoIjrCTFE  3. 1  oil  toxicity 
in  tats.  The  comparative  study  of  formulations  also  found  diat 
the  tetramer  was  the  more  toxic  oligomer.  This  comparative 
study  demonstrates  that  a  less  toxic  formulation  of  3.1  oilcan 
be  blended  by  avoiding  the  tetramer.  The  formulation  without 
the  tetramer  contained  higher  molecular  weight  oligomers 
that  are  potentially  as  toxic  as  the  tetramer.  The  potential  risk 
of  these  higher  molecular  weight  oligomers  is  greatly 
diminished  by  their  very  low  volatility  and  much  smaller 
percentage  of  the  total  formulatiotL 

The  subchronic  toxicity  of  the  present  operational 
hydraulic  fluids  and  another  candidate  hydraulic  fluid  were 
determined  to  provide  a  database  for  comparison  with 
PolyCTFE  3. 1  oil.  Without  this  information,  it  is  difficult  to 
make  decisions  about  the  relative  risks  of  PolyCTFE  oils 
versus  existing  hydraulic  fluids.  Subchronic  (4-week 
repeated  dosing)  studies  for  the  current  hydraulic  fluids  and 
a  low  temperature  version  of  MIL-H-83282  were  conducted 
in  an  attempt  to  fiB  this  data  gap.  The  operational  fluids, 
MIL-H-83282  and  MIL-H-5506,  ^  PolyCTFE  are  relative¬ 
ly  nontoxic  after  an  acute  exposure,  llie  phosphate  ester 
hydraulic  fluids  possess  a  degree  of  acute  toxicity.  Oral 
(toing  was  used  in  place  of  inhalation  studies  because  the 
time  to  do  90-day  studies  for  each  hydraulic  fluid  would  be 
several  years  and  the  cost  of  a  90-day  inhalation  study  would 
be  much  higher.  The  comparative  study  of  hydraulic  fluids 
revealed  that  the  hydrocr^n-based  fluids,  MIL-H-S606, 
MIL-H-83282.  and  the  low-temperature  version  of  MIL-H- 
83282,  cause  an  increase  in  protein  in  the  kidneys.  Protein 
accumulation  in  the  kidney  is  a  male-rat-specific  effect  seen 
after  exposure  to  hydrocarbons  such  as  gasoline.^^^  This 
type  of  hydrocarbon-induced  kidney  lesion  frequently  pro¬ 
gresses  to  kidney  cancer  in  the  nude  rat^^^^  This  kidney  lesion 
of  male  rats  is  not  believed  to  be  relevant  for  humans.^^  In 
addition,  the  in-use  hydraulic  fluids,  MIL-H-5606  and  MIL- 
H-83282,  increased  peroxisomal  beta-oxidation,  an  indicator 
for  peroxisomal  proliferation,  the  same  as  PolyCTFE  3. 1  oil. 
The  relevance  of  this  finding  to  humans  is  also  questionable. 

Rbk  Assessment 

The  Air  Force  needed  an  interim  exposure  guideline  for 
PolyCTFE  3.1  oil  during  the  development  ofa  new  hydraulic 
system  capatible  with  these  oils.  A  guideline  was  proposed 
baaed  on  equivalence  to  the  NOAEL  in  the  rat  of  50  mg/m^. 
Using  an  average  molecular  weight  for  the  3.1  oil  of  450 
g^mole,  50  mgAn^  equates  to  2J  ppm.  Even  if  one  assumes 
that  the  rodent  response  is  reievam  to  humans,  three  factors 
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indicate  that  the  primate  (including  the  human)  it  at  substan> 
dally  lower  relative  risk: 

1.  Fhatmacokinedc  conaideiadont;  the  production  of  the 
acid  metaboUies  it  lest  efficient  in  primates. 

2.  Elimination  characteristics;  the  clearance  ofthe  more  toxic 
tetiameric  oligomer  was  found  to  be  more  efficient  in 
primates. 

3.  Interspeciea  differences;  the  cellular  response  to  the  acids 
is  maAedly  lower  in  primates. 

These  factors  combine  to  produce  a  built-in  safety  fKtor  of 
several  orders  oi  magnitude,  mitigating  the  need  for  an  addi¬ 
tional  safety  Actor  as  is  common  practice.  Based  on  these 
considerations,  an  8-hour  time-weighted  average  (TWA)  ex¬ 
posure  limit  of  23  ppm  and  prevention  of  liquid  contact  with 
the  skin  is  believed  to  provide  appropriate  health  protection 
for  exposed  persoiuteL  This  recommoidation  is  a  preliminary 
guideline,  not  Air  Force  policy.  The  interim  guideline  could 
be  changed  by  new  experimental  data,  hmher  scientific 
review,  or  fed^  regulatory  actioiL 

Relationship  to  Other  Fluids 

All  of  the  hydraulic  fluids  examined  show  some  degree 
of  toxicity  in  rats,  and  several  would  be  likely  to  cause  turnon 
in  the  liver  or  kidneys  of  exposed  rats  if  a  lifetime  cancer  study 
were  to  be  performed  in  this  species.  Aldwugh  the  target 
tissue  in  the  rodent  is  dififeiem  for  PolyCTFE-based  fluids 
than  for  the  hydrocarbon-baaed  fluids,  neither  of  the  two 
responses,  peroxisome  induction  or  kidney  toxicity,  are  con¬ 
sidered  to  be  predictive  of  human  risk.  The  use  of  IfolyCTFE- 
based  hydraulic  fluids  should  not  cause  a  significantly 
increased  hazard  compared  to  other  in-use  and  proposed 
hydraulic  fluids.  However,  because  the  rodent  data  do  at  least 
suggest  the  potential  for  toxicity,  both  PolyCTFE-based  and 
hydrocarbon-based  hydraulic  fluids  should  be  handled  pru¬ 
dently,  with  appropriate  industrial  hygiene  precautions  taken 
to  minimize  inhalation  exposure  and  skin  contact 

Expertnental  Design 

A  decision  tree  was  estaUiahed  in  order  to  conduct  a 
comparative  risk  assessment  for  PolyCTFE  3.1  oil  A  series 
of  experiments  were  conducted  baaed  on  the  decision  tree  to 
answer  the  questions  raised  by  the  first  90-day  study  and  to 
provide  data  necessary  for  es^lishing  an  interim  guideline 
for  the  safe  use  of  the  3. 1  oiL  This  approach  resulted  in  a  risk 
Mscssment  far  the  Air  Force  in  a  timely  manner.  This  com- 
paiMive  approach  demonstrates  a  process  of  conducting 
toxicity  studies  inainore  efficient  and  structured  manner  than 
simply  examiiting  data  at  the  end  of  a  aeries  of  unrelated. 


Benefit 

The  result  of  conducting  this  risk  assessment  for  the  Air 
Force  was  the  continuation  of  the  development  of  the  3.1  oil 
for  advanced  aircraft  Contractors  had  suqwnded  studies  until 
the  interim  guideline  was  reported  to  the  hydraulic  fluid 
engineering  conununity.  In  action,  there  is  interest  by  the 
other  services  in  PolyCTFE  hydraulic  fluid  for  their  advanced 
systems.  The  use  of  this  class  of  materials  is  being  more 
widely  considered  as  lubricants,  greases,  and  oils. 
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Early  risk  analyses  ware  often  subject  to  the  *hardwrare 
faMacy” — the  understandable  but  erroneous  assumption  that 
almost  all  the  risks  in  tschnological  systems  could  be  under* 
stood  in  terms  of  physical  and  biological  variablea.  Aocumulat* 
ing  evidence  shows  that  this  assumption  was  wrong.  The ‘real 
risks”  in  most  technological  systems  are  shaped  profoundly 
by  humans  as  weH  as  hardware,  and  system  designs  based 
on  inadequate  understandings  of  predictablo  human  be¬ 
haviors  can  lead  to  increased  rather  than  decreased  risk.  Risk 
assessments  are  also  produced  by  humans,  and  accumulat¬ 
ing  evidence  makes  it  dear  that  the  experts  who  calcuiate 
risks  are  prone  to  the  same  types  of  errors  and  biases  that 
aflUct  *normal  people.*  In  addition,  the  real  risks  of  tachnologi* 
cal  systems  include  the  impacts  that  are  created  for  the 
broader  society,  and  those  impacts  depend  on  the  facts  that 
gat  through  to  the  public,  not  the  ones  that  are  believed  in  the 
agendas  or  the  technical  community. 

Although  early  studies  often  speculated  that  public  op¬ 
position  might  reflect  misunderstandings  or  inaccurate  infor¬ 
mation,  those  speculations  have  been  shown  by  empiricai 
research  to  have  tittle  factual  basis.  Instead,  the  toy  variable 
appears  to  involve  recreancy,  or  the  failures  of  specialists, 
experts,  and  technological  systems  to  perform  their  tasks  with 
the  necessary  vigor.  Given  the  increasing  complexity  and 
interdependence  of  society,  such  failures  by  experts  and 
institutions  may  have  been  the  most  significant  of  ail  factors 
in  creating  public  opposition  to  sdenoe  and  technology.  BqMTt 
misoonduct  is  so  corrosive  for  pubHc  support  of  science  and 
technology  that,  at  least  for  those  of  us  who  believe  in  the 
value  of  sdenoe,  the  potential  for  recreancy  may  represent  the 
biggest  risk  of  all. 

Introduction 

Tliis  p^rer  begiiis  with  a  conlesuon  and  a  definition. 
Hie  confeuion  is  that  I  am  a  sociologist  The  definition  is  that 
a  sociolr^st  is  not  a  socialist  is  not  a  social  disease,  and  is 
not  a  social  worker,  but  rather  is  a  social  scientist — someone 
who  believes  no  law  of  nature  requires  us  to  stop  using  die 
scientific  method  when  the  analysis  moves  beyond  the  human 
cell  and  considers  the  whole  human  organism,  or  more  broad¬ 
ly,  when  questions  of  human  behavior  become  involved. 

The  "people  side"  of  the  risk  issue  will  be  addressed 
through  a  disciusion  of  the  ways  in  which  risks  are  managed 


by  certain  groups  of  humans  (often  technical  organizations 
and  govemmem  agencies)  and  perceived  by  other  groiqis  of 
hunuuis  (often  nearby  communities  and  members  of  die 
general  public).  Both  of  those  ttqiics  are  large  ones,  and  bodi 
have  bem  dealt  with  in  growing  detail  in  the  social  science 
literature  diat  wiU  be  cited,  at  least  selectively,  in  this  paper. 
For  summary  purposes,  however,  at  least  some  of  the  central 
findings  of  this  broad  body  of  literature  can  be  condensed  into 
four  points  that  will  be  discussed  in  this  paper.  The  first  is  that 
the  impacts  of  technological  risks  on  society  dqiend  on  the 
facts  duu  actually  get  through  to  the  public,  not  merely  the 
ones  that  are  believed  in  agencies  and  in  the  technical  com¬ 
munity.  The  second  is  that,  contrary  to  the  beliefs  that  were 
expressed  in  some  of  the  earliest  speculation  on  the  topic  — 
and  often  "expressed"  widi  soriM^hing  akin  to  passion  — 
qiposidon  to  many  forms  of  technological  development  ap- 
pean  to  be  not  only  widespread  and  deeply  felt  but  also  to  be 
focused  on  specific  facilities/technologies  and  to  be  prudent 
in  origin.  The  third  and  fourth  points  will  switch  the  focus 
from  "them"  (the  members  of  the  general  public)  to  "us"  (the 
members  of  the  technical  community).  Point  three  has  to  do 
with  a  special  kind  of  wishful  thinking:  as  technically  trained 
people,  we  tend  to  wish  we  could  ignore  or  avoid  all  but  the 
factual  considerations  in  complex  decisions,  but  technologi¬ 
cal  controversies  inherently  involve  questions  of  value  as 
well  as  questions  of  fret  The  fourth  and  final  point  is  that 
many  of  our  discussions  about  risk  have  also  suffered  ftom 
the  hardware  fallacy  —  the  understandable  but  erroneous 
belief  that  die  risks  of  a  technological  system  can  be  under¬ 
stood  strictiy  in  terms  of  physical  and  biological  variables, 
when  in  fact,  the  teal,  "hard,"  quantifiable,  empirical  cases  of 
technological  failure  often  prove  to  depend  heavily  on 
humans  and  not  just  on  hardware.  The  four  points  will  be 
dfscuased  in  the  same  order  as  they  have  been  listed. 

Actuil  Impacts  Depend  on  Facts 
that  Get  Through  to  ttie  Public 

In  ail  likelihood,  members  of  the  technical  community 
need  little  convincing  that  public  views  of  science  and  tech¬ 
nology  are  affected  less  by  what  goes  on  in  the  laboratories 
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thsn  by  whst  gets  reponed  in  the  medis;  it  is  hard  to  imagine 
how  else  the  infonnation  would  get  through  to  most  members 
of  the  public.  But  are  we  so  accurate  in  our  usual  assumpdons 
about  what  gets  repotted?  In  fKt,  the  media  carry  a  steady 
diet  of  reports  on  the  good  news  and  impressive  accomplish¬ 
ments  of  the  scientific  community,  ranging  from  supercon¬ 
ductivity  to  medical  breakthroughs  to  inqrro  'rd  under¬ 
standings  about  how  organizations  function.  When  most 
scientists  express  their  spontaneous  impressions  about  media 
rqrorts,  however,  we  stress  something  frr  different  The 
reason  is  something  akin  to  the  "availability  bias":^'^  like 
members  of  the  general  public,  we  often  have  a  much  easier 
time  remembering  the  much  more  dramatic  news  associated 
with  technological  failure,  ranging  from  die  Challenger  to 
Chernobyl  and  from  the  Hubble  space  telescope  to  the  Exxon 
Valdez,  rather  than  the  daily  diet  of  good  news. 

One  of  the  easiest  ways  to  win  the  hearts  of  die  technical 
community  is  through  vigorous  denunciations,  railing  at  the 
irresponsibility  of  the  reporters  and  the  ignorance  of  the 
teadea.  Unfortunately,  such  an  approach  may  win  scientists’ 
hearts,  but  it  would  have  very  litde  to  do  with  their  minds. 
Instead,  as  is  often  the  case  in  the  physical  or  biological 
sciences,  the  unfortunate  truth  is  that  the  data  will  not  neces¬ 
sarily  validate  die  begimiing  hypothesis. 

In  essence,  there  are  a  few  key  problems  with  the  argu¬ 
ment.  so  popular  at  scientific  conferences,  that  constant  an- 
dsciendfic  reporting  is  being  swallowed  whole  by  a  gullible 
public  The  first  is  that  systenuttic  studies  have  found  precious 
little  evidence  of  an  antiscience  bias  in  any  of  die  media 
oudets  this  side  of  the  lunatic  fringc^^  The  second  problem 
is  that,  much  to  the  chagrin  of  generatioos  of  mass  com¬ 
munication  researchers  who  had  assumed  they  would  earn 
tenure  by  demonstrating  the  effectiveness  of  one  type  of 
media  message  over  another,  perhaps  the  most  common 
finding  in  the  mass  communication  literature  is  in  essence  a 
nonfinding.  In  general,  studies  have  found  that  mass  media 
reports  have  precious  little  influence  on  people’s  actual 
views. 

If  you  would  rather  not  read  the  substantial  body  of 
literature  on  this  topic,  you  may  wish  instead  to  reflect  on  two 
pieces  of  information.  First,  if  you  think  back  on  the  era  that 
has  seen  the  greatest  growth  of  public  criticism  toward 
science  arai  technology,  namely  the  past  three  or  four 
decades,  you  will  realize  that  much  of  the  growth  in  criticism 
has  taken  place  during  precisely  the  era  that  has  also  seen 
unprecedented  expenditures,  both  by  govemmoit  bodies  and 
by  private  entities,  trying  to  tell  people  just  tow  safe  and 
woraierful  our  technology  has  become.  Remember  the  vast 
sums  spent  on  "risk  communication"  messages  about  "My 
Friend,  the  Atom,"  during  the  19S0s  and  1960s?  Remember 
the  vast  mobilization  that  arose  against  nuclear  power  during 
the  1970b  and  1980b?  Second,  more  recent,  systematic  studies 
have  found  diat  opppsition  toward  nuclear  waste  facilities,  in 
particular,  hu  increased  during  die  very  time  periods  when 


project  proponents  were  spending  large  amounts  of  money  on 
"ptolic  education  campaigns"  which  were  intended  to  have 
the  opposite  effect,  ntunely  to  convince  the  citizens  of  in¬ 
tended  host  regions  that  the  fecilities  would  be  a  safe  and 
desirable  form  of  economic  development  This  is  not  only 
happening  in  the  United  States^  but  also  in  nations  common¬ 
ly  seen  as  being  more  deferential  toward  technology,  such  as 
Japan,^*^Taiwaii,^^^  and  in  a  less  systematic  case,  Korea.^'^ 

Public  Concerns  Tend  to  be  More  Prudent 
Then  We  Once  Assumed 

A  common  complaint  is  duu,  "If  only  people  had  the 
facts,  they’d  support  our  technology ."  GMiferences  widi  slick, 
expensive  presentations  have  put  forth  a  similar  point;  the 
people  who  know  the  facts — people  like  us — terid  to  think 
we  are  great  Opposition  comes  either  from  ignorance  or 
irrationaiity,  since,  after  all,  to  know  us  is  to  love  us. 

A  few  of  the  earlier  and  better-known  articles  in  the  risk 
literature  featured  the  same  type  of  speculatiort  Unfortunate¬ 
ly,  what  they  appear  to  have  been  expounding  is  a  point  of 
view  that  had  everything  going  for  it  but  the  facts.  A  growing 
body  of  literature  has  found  that  the  opponents  of  technology 
tend  to  be  just  as  well-informed  as  the  supporters.^’  In 
several  studies,  in  fact,  researchers  have  even  found  that 
opponents  were  characterized  by  an  active  searching  for 
irifoimation,  whereas  the  supporters  of  the  controversial 
facilities  were  those  who,  their  own  accounts,  were 
noticeably  arxl,  in  many  cases,  intentionally  uninformed."^’ 

Although  it  would  be  premature  to  describe  the  differen¬ 
tial  infbnnation-seeking  as  universal,  it  has  been  encountered 
repeatedly  in  the  studies  done  to  date.^’*^’  One  study  even 
found  that  a  group  of  citizens  became  amateur  but  reasonably 
skilled  epidemiologists  in  an  effort  to  obtain  the  types  of 
answers  that  relevant  health  authorities  were  unable  or  un¬ 
willing  to  provide.^^  Particularly  in  studies  of  technological 
disasters,  in  fact,  members  of  citizen  groups  often  describe 
one  of  their  greatest  frustrations  as  being  the  difficulty  of 
obtaining  the  credible,  scientific  infonnation  they  actively 
seek.!^.^^)  In  short,  to  the  extent  to  which  many  of  us  have 
long  assumed  that  "public  ignorance"  has  been  the  fector  at 
feult,  the  evidence  shotvs  we  have  been  barking  up  the  wrong 
fruilttree. 

How  could  so  many  smart  people  have  been  so  wrong, 
so  consittently?  Hie  problem  brings  to  mind  the  definition  of 
"expert"  offered  by  Yale  University  Professor  Charles  Per- 
iDw:  "a  person  who  can  solve  a  problem  better  or  faster  tiian 
others,  but  who  runs  a  higher  risk  than  others  of  posing  the 
wrong  problem."^’  Is  it  possible  that  we  have  failed  to 
understand  public  concerns  because  we  have  been  depending 
on  the  wrong  assumptions  and  focusing  on  the  wrong  ques¬ 
tions? 

Figure  1  (rffers  an  illustration  of  the  potential  problem. 
It  reflects  one  of  tile  remarkable  features  of  most  discussioru 
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■bout  risk  —  that  almoM  every  presentation  contains  a  few 
technical-sounding  acronyms  that  will  be  compleidy  foreign 
to  any  but  the  chosen  few.  Figure  1  has  a  pair  of  acronyms 
that  ate  intended  to  fit  the  very  same  pattern.  The  first 
acronym  is  EQDB,  which  stands  for  the  camples,  haid-to- 
grasp  concept  of  the  "Expected  Quantity  of  Dead  Bodies." 
Those  of  you  who  may  not  yet  be  among  the  chosen  few  might 
wish  to  diink  of  this  concept  as  being  roughly  analogous  to 
the  view  of  "risk"  that  has  tended  to  be  the  focus  of  attentian 
within  the  technical  community  to  date,  involving  potential 
threats  to  human  health.  The  "HIM"  on  the  other  dimension 
will  not  be  defined  until  later,  hecaiise  die  poim  of  Rguie  1 
is  to  ask  a  question. 

All  of  us  have  heard  the  speeches  and  read  the  articles 
about  putting  risks  "into  perspective,"  often  involving  argu- 
mems  that  the  public  is  crazy  to  be  worried  about  technology 
X,  when  after  all,  the  "real  risks"  of  X  are  fer  lower  than  the 
risks  of  alternative  activities  such  as  smoking  (for  almost  any 
technology)  or  perhaps  even  lower  than  the  risks  of  eating 
peanut  butter  and  drhiking  a  diet  soda  (for  the  more  flam¬ 
boyant).  Such  arguments,  of  course,  make  good  "sound 
bytes,"  and  they  would  even  make  good  sense  if,  in  feet, 
^DB  were  die  only  conceriL  But  is  it  possible  that  dieie  are 
other  fiKtors  involved,  potentially  even  including  "EIM," 
such  that  people  might  reasonably  be  wonying  about  some¬ 
thing  that,  sad  to  say,  we  "expettt"  mi^  have  overlooked? 
While  you  are  pondering  that  question,  incideotaily,  you  may 
wish  to  consider  the  feet  diat  at  least  one  member  of  the  risk 
■aaessmem  community  has  finally  been  able  to  state  succinct¬ 
ly  the  meaning  of  life —  life  is  a  sexually  transmitted  condi¬ 
tion  with  1(X)%  mortality.^^  You  mqr  also  wish  to  ask 
yourself  if  there  really  is  such  a  thing  as  "a  fete  worse  than 
demh." 

While  you  are  carefiiUy  considering  these  questions,  it 
needs  to  be  noted  that,  due  in  part  to  the  successes  of  science 
and  technology,  we  have  made  substantial  strides  in  at  least 


reducing  the  annual  rate  of  that  age-old  adversary,  EQDB. 
Rgure  2  provides  a  simple  summary  of  the  relevant  data, 
which  ate  straightforward  extrapolations  fiom  life  expectan¬ 
cy  figures  for  the  United  States.  The  figure  shows  that  ttadi- 
tioiul  risks,  or  the  risks  of  deadi,  have  dropped  dramatically 
over  the  past  ISO  years,  such  that  die  average  U.S.  citizen 
today  has  an  implied  annual  risk  of  death  roughly  half  as  high 
as  diat  of  the  average  citizen  of  ISO  years  ago,  even  after 
excluding  the  effects  of  literal  slave  lato. 

Once  again,  if  my  purpose  were  to  pander  to  preexisting 
predilectians,  I  could  stop  here  and  "poimd  the  podium"  about 
how  Figure  2  ofEen  proof  of  the  value  of  science  and  tech¬ 
nology,  about  the  ingratitude  of  die  general  public  toward  all 
that  our  scientific  forbearers  have  already  done,  and  about  the 
ignorance  of  all  of  those  who  oppose  whtt  we  warn  to  do  next 

Such  an  approach,  unfortunately,  would  have  a  few 
problenu.  Hrst,  if  you  think  back  to  the  last  time  when 
someone  started  a  conversation  by  calling  you  an  ignorant 
ingrate,  you  will  probably  recall  that  this  approach  did  little 
to  increase  your  recqitivity  toward  that  person’s  message. 
The  second  involves  the  fact  that  we  are  discussing  life 
expectancy.  As  the  term  itself  implies,  the  current  life  expec¬ 
tancy  is  more  or  less  what  all  of  us  feel,  with  reason,  that  we 
have  a  right  to  "expect"  Not  even  members  of  the  scientific 
and  technical  community  would  be  likely  to  respond  widi 
favor  to  the  argumem  that  because  our  great-great-great- 
grandparents  only  lived  about  3S  to  40  years,  on  average, 
what  was  good  enough  for  them  should  be  good  enough  for 
us.  The  third  problem  is  that  as  will  be  noted  below,  while 
the  EQDB  has  been  going  down,  something  else  may  have 
been  going  up. 

Fourth  and  finally,  although  such  "podium  pounding" 
may  be  understandable  or  even  cathartic,  it  reflects  a  thorou^ 
misunderstanding  of  what  it  means  to  say  that  we  live  in  a 
society  that  is  technologically  advanced.  One  of  the  usual 
assumptions  is  that  technological  advances  will  mean  that  we 
"know  more"  than  did  our  great-great-grandparents;  coUec- 
tivdy,  of  course,  that  is  true.  But  individually,  we  actually 
know  fer  less  about  the  tools  and  tedinologies  on  which  we 
depend  —  a  poim  made  initially  by  one  of  the  earliest  and 
most  articulate  proponents  of  "int^ectualized  rationality," 
Max  Weber,  roughly  three-quarters  of  a  century  ago.^^*^ 

In  the  early  IMOs,  approximately  80%  of  die  American 
population  lived  on  farms,  and  for  the  most  part,  those  ferm 
residents  were  capable  of  repairing  or  even  of  building  from 
scratch  virtually  ^  of  the  to^  and  technologies  upon  which 
diey  depended.  By  contrast,  todi^’s  world  is  so  specialized 
that  even  a  Nobel  laureate  is  likely  to  have  little  more  than  a 
rodimentary  utMlerstanding  of  the  tools  and  technologies  that 
surround  us  all,  fiom  airliners  to  ignition  systems  to  com¬ 
puters  to  copy  machines.  Far  more  than  was  the  case  for  our 
great-great-grandparents,  in  short  we  literally  "depend  on" 
the  technology  to  work  properly,  which  means  that  we  depend 
on  the  system  as  a  wh^  —  meaning,  in  turn,  that  we  have 
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FIGURE  2.  The  long-lain  decliiie  in  the  fiik  of  denh  in  tbe  Uniied  Siiiea.  Data  tooreei:  Huton^  Siotu- 
ticseftlitViutidSaus,HisurialTmmtot970(!iiS.iimimOtiiitCetmt.  1975)  tad  SutinkalAhanctt 
afilk  VS.  NadaaaitlgmtamtmniUUe  only  mfr  back  u  19a0.1>iaifcrt>SO-19COaindRMlin»Maisn- 
daneoi.  when  99%  of  the  eamnnaa)B4po|Ndttionai  the  linn  wan  while.  The  ItTOOfenieaBiaieipolaiianL 


become  dependent  on  whole  annies  of  specialists,  most  of 
whom  we  will  never  meet,  let  alone  conmL  As  economists 
SR  fond  of  pointing  out,  thoe  is  no  such  thing  as  a  fiee  lundi. 
The  achievements  of  science  and  technology  have  been  iin- 
poitant  and  even  impressive,  and  they  have  helped  to  bring 
about  a  level  of  physical  safety  and  material  wealth  that  is 
simply  unprecedented.  However,  diey  have  done  so  at  acost 
— a  cost  of  increased  interdependence.^^^^ 

Hiis  point  is  summarized  in  Rgure  3,  which  illustrates 
the  technological  risk  crossover.  Using  a  vety  simple  index 
of  interdependence,  baaed  largely  on  the  proponion  of  die 
citizeniy  not  involved  in  growing  their  own  fool,  diis  figure 
shows  that,  during  the  very  era  when  society  has  been  enjoy¬ 
ing  a  substantial  decline  in  traditional  risks — EQDB,  or  the 
risks  of  death — there  has  been  a  substantial  increase  in  the 
risks  related  to  interdependence.  Hk  most  serious  of  these 
risks,  if  you  will  pardon  a  technical  tenn  that  is  meant  to  be 
taken  seriously,  involves  recreancy  —  in  essence,  the 
Ukelihood  that  an  expett  or  specialitt  will  Cril  to  do  the  job 
diatisrequired.^^ 

Recreancy  is  derived  from  the  Latin  roots  re- (back)  and 
credere  (to  entnist),  and  the  technical  use  of  the  tenn  is 
analogous  to  one  of  its  two  dictionary  meanings,  involving  a 
retrogression  or  failure  to  fdlow  through  on  a  duy  or  a  trust 
The  tenn  is  unfiuniliar  to  most  but  it  is  necessary  becanae  of 
theneedtoreCertobehavioisof  institutions  or  organizations 
as  well  as  of  individuals  and,  impoftantiy,  because  of  the  need 
for  a  word  that  is  foctuaL  not  emotionat  in  its  meaning. 


Indeed,  it  may  tell  us  something  that  over  time  viitually  all  of 
the  common  words  with  comparable  meanings  have  come  to 
take  on  a  heavily  negative  set  of  value  connotations.  To  say 
that  someone  is  responsible,  congietem,  or  tnistwoithy,  for 
example,  is  to  offer  at  least  a  mild  compUment  but  to  accuse 
someone  of  being  inesponsible,  incompetent  or  of  having 
shown  a  "betrayal"  of  treat  is  to  make  a  very  serious  charge, 
indeed.  While  "recreancy"  nuy  not  be  an  everyday  term, 
however,  we  need  such  a  wtnd  precisely  because  of  the  need 
to  avoid  the  emotioiul  and/or  Iqgal  connotations  of  die  avail¬ 
able  alternatives.  Often,  even  when  the  relevam  ftulures  are 
severe  in  dieir  consequences,  they  result  not  from  evil  intern 
so  much  as  fiom  a  failure  of  foresigltt.  At  least  in  retrospect 
these  mistakes  are  often  easy  to  understand,  particularly  for 
people  who  are  fomiliar  with  the  technologicai  system  in 
questioa  In  essence,  the  source  of  "fuilt"  can  be  as  likely  to 
lie  as  much  in  the  situations  as  in  the  intentions,  and  as  much 
with  organizations  as  with  individuals.^^^^  Rnally,  for 
those  who  have  not  already  figured  out  the  comectiort  in- 
ddentally,  recreancy  can  also  be  seen  as  the  one-word 
equivalem  of  the  second  acronym  in  Hgure  1  —  "EIM,"  or 
"Evidence  of  Institutional  Mess-Up." 

TtchnoioqlctilCotHrewril— Inhufintlylnvoty 
Hot*  Than  Just  Ttiels" 

Ahhough  it  is  understandable  that  people  who  are  moat 
comfottaUe  in  the  realm  of  focts  want  to  "reduce"  tednoiogi- 
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FIGUItE  3.  IliB  taduological  luk  CRMtovcr  in  Ite  Ui^  Swat.  Daa  loaneK //toorico/ Skuutus  c^tAr 
Ui^edStaUi,HitioriealTimtsto  1970(!US.imiuatiitCenm»,\915)»aiSuiuticalAbsiracttafthe 
{/X  National  fltnrei  on  life  expecMey  m  avniUUe  only  M  te  back  « IWOi  Hie  dun  far  18S0-1900 
aw  drawn  fiwiMaaaaclinieMfcwtieta  99%  of  the  amumfrairdpopiilaiion  at  Ilia  tinie  wit  while.  The  1870 
licnw  far  riik  of  death  it  an  hmiiolaticMi. 

cal  conflicts  to  being  simply  "factual  disagreements."  any 
number  of  authon  have  now  shown  that  such  hopes  are  no 
more  realistic  than  the  alchemists’  ancient  dream  of  being 
able  to  turn  lead  into  gokL^***^^"^  The  world  simply  does 
not  work  that  way. 

Instead,  in  i^-related  controvenies,  often  the  greatest 
simplification  we  can  hope  for  is  to  be  able  to  reduce  a  debate 
to  a  pair  of  questions:  one  is  potentially  scientific  and  fretual 
and  the  ocIict  is  not  The  factual  or  scientific  aqiects  of  the 
ddMte  can  be  reduced  to  a  single  question:  "How  safe  is  it?" 

The  value-based  or  nonscieatific  problem  poses  a  different 
question:  "b  that  safe  enough?"  As  would  be  emphasized  by 
any  risk  assessor  who  cares  about  his  or  lire  scioitific 
cr^bility,  even  wdiat  I  am  calling  the  "scientific"  question 
here  often  will  come  down  to  what  Alvin  Weinberg  called  a 
"tians-acientific"  question  (Le.,  one  that  can  be  asked  in 
scientific  tetminology  and  m^  seem  answenbie  in  ptinc^le, 
but  one  that  will  often  prove  in  practice  to  be  effectively 
unanswerable  during  the  dme  we  most  want  or  need  an 
answer).^^  Will  a  planned  nuclear  waste  repository  be  able 
to  keep  nuclear  wastes  away  from  the  enviromnent  for  10,000 
yean,  for  example?  We  may  certainly  need  to  hope  so,  but 
the  only  wty  to  answer  the  question  with  what  we  would 
nonnally  see  as  scientific  ceitainty  would  be  to  build  such  a 
feciliqf  and  then  wait  a  few  centuries.  A  truly  "scientific 
answer"  may  ultimately  become  available  but  may  do  so  too 
late  to  pim^  a  uaeftil  source  of  information  for  policy 


debates  of  the  1990s. 

Yet,  when  attention  turns  to  the  second  question  —  bow 
safe  is  safe  enough?  —  the  limitations  of  scientific  expertise 
become  far  more  obvious.  Although  scientists  are  as  capable 
of  offering  answers  to  this  question  as  are  any  other  citizens, 
our  answers  are  neither  more  valid  nor  "more  scientific"  by 
virtue  of  having  been  offered  by  scientists.  There  simply  is 
no  such  thing  as  a  "scientific"  way  to  compare  apples  against 
oranges  against  orangutans.  Instead,  at  least  in  a  democracy, 
when  it  comes  to  value-based  questions  (e.g.,  how  safe  is  safe 
enough?)  aixither  word  for  "scientist"  is  "voter." 

Although  it  may  make  a  great  deal  of  sense  for  narrow, 
technical  questions  to  be  delegated  to  nanow,  technical  ex¬ 
perts,  one  of  the  fundamental  principles  of  a  democracy  is  that 
the  broader,  guiding  decisions  should  reflect  "die  will  of  the 
governed."  As  Penow’s  definition  of  "expert"  would  sug¬ 
gest,  moreover,  scientists’  answers  to  these  value-based  ques¬ 
tions  often  differ  markedly  from  the  will  of  (the  rest  of)  the 
governed — trften  by  placing  more  emphasis  on  cost-contain¬ 
ment  and  efficiency  while  placing  less  emphasis  on  long-term 
(39.41-43)  ^  ^  ^  ^  feet,  just  implementing 

decisions  that  do  adequately  reflect  the  will  of  the  governed, 
our  emphasis  on  efficiency  can  be  a  very  good  thing,  but  if 
we  are  being  asked,  in  eflfect,  to  be  making  decisions,  for 
example,  on  "how  fair  is  safe  enough?"^^^  we  are  stepping 
into  a  role  for  which  we  are  clearly  the  wrong  people.  It  may 
be  fbr  a  reason  that  we  want  efficiency  fram  our  mechanics 
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Fact  1:  The  Three  Stages  of  Awareness _ 

(from  O.D.  Duncan,  1978) 

Stag#  1:  Technical  Question 
CWill  it  work?) 

Stage  2:  Economic  Questkm 
(*Will  it  work  economically?^ 

Stage  3:  Sodopoliticai  Question 
fWhat  will  the  technology  do  to  society, 
and  what  will  society  do  to  the  technology?) 


Fact  2:  The  Law  of  Probable  Dispersion _ 

Whatever  hita  the  fan  win  not  be  evenly  distributed. 

(also  Imown  as  the  "How  Come  It  All  Landed  on  Me?*  Law) 


MMaiaaHiw^  MoaHantttlmm  MtocMfonof  funding 

rMaaich  fundbig  lAiraecidM  to  prvvM  futura 

sccidsnis 


FIGURE 


but  justice  from  our  judges. 

Real  Risks  Tend  to  Depend  Heevily  on  Humans 
as  well  as  Haidwars 

All  of  this  brinp  us  back  to  the  hardware  fdlacy  —  the 
implicit  belief  that  it  is  possible  to  predict  "the  real  risk"  of  a 
technological  system  sinqtly  based  on  physical  and  biological 
variables.  Many  of  my  scientific  colksgues  are  surprised 
when  they  first  hear  this  belief  characterized  as  a  "fallacy." 
After  all,  these  are  "technological"  systems,  aren't  they?  We 
do,  in  fittt,  use  that  terminology,  but  technological  systems 
include  "techniques,"  "technicians,"  and  "technology."  In 
fact,  when  was  tte  last  time  you  heard  of  a  major  tedmologi- 
cal  disaster  being  blamed  on  anything  other  than  "human 
error?"  There  are  a  few  isolated  examples,  but  for  virtually 
all  of  the  fiascoes  that  have  become  household  terms  — 
ChaUenfer,  Chernobyl,  BhopaL  Exxon  Valdez,  or  even  the 
HubMe  space  telescope  —  one  of  the  commonalities  is  that 


blame  comes  eventually  to  be  pituied  on  the  vague  and 
somethnes  politically  expedient  category  of  "human  error." 

So  pervasive  is  this  tendency  that,  in  reqwnse  to  charges 
from  my  biological  and  physi^  science  colleagues  that 
social  scientisis  never  come  up  with  general  "laws"  or  prin¬ 
ciples,  I  have  produced  what  I  inunodestly  call 
"Reudenburg’s  Facts  about  Tednological  Fiascoes"  (Figure 
4).  The  immodesty,  however,  comes  not  so  much  from  calling 
these  observations  "facts"  as  in  taking  credit  for  them;  at  least 
the  first  two  of  the  three  have  already  been  identified  by 
someone  else,  and  I  frankly  would  not  be  surprised  if  even 

the  third  of  them  were  not  also  to  have  been  sind  elsewhere 

*-  » - 

DCIOfRv 

Act  #1  has  been  adapted  relatively  freely  from  Dun- 
can.^^^  My  versioo  holds  that,  at  least  for  the  technological 
cotutoversies  that  have  erupted  inio  public  awareness,  the 
sodaL  politicaL  cuthiraL  and  "value"  questions  have  received 
attention  only  late  in  the  game.  Initially,  when  the  only  people 
payir^  attention  to  (what  will  eventually  become)  a  technol- 
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ogy  are  scientists  and  engineers,  attention  tends  to  be  focused 
only  on  what  I  call  the  Stage  1  question  —  can  this  idea  be 
made  to  work?  Often,  the  answer  is  "no,"  but  for  a  subset  of 
the  cases  where  the  answer  is  "yes,"  attention  next  comes  to 
focus  on  the  Stage  2  question  —  can  it  be  made  to  wtMk 
profitably?  (fere  again,  often  the  answer  is  "no,"  and  the  idea 
is  soon  fotgottetL  For  a  subset  of  the  potential  technologies, 
however,  attention  soon  comes  to  focus  on  the  Stage  3  ques  ¬ 
tion  —  can  it  be  made  to  work  in  a  way  that  will  fit  in  with 
the  test  of  society  in  a  way  that  is  reasonably  appropriate? 
Although  die  implications  for  domestic  tranquility  are  unfor¬ 
tunate,  often  the  fact  is  that  this  third  question  is  recognized 
as  a  question  only  when  at  least  the  initial  answer  appears  to 
be  "no."  Equally  sad,  in  many  suchcases,if  only  the  question 
had  been  recognized  and  adcfaessed  at  an  earlier  stage,  itmight 
have  been  possible  to  develop  the  technology  in  a  difierem 
way,  creating  fewer  disruptions  both  for  the  developer  of  the 
technology  and  for  society  more  generally. 

Fact  M  tends  to  be  bodi  a  reason  for  the  recognition  of 
the  sociopolitical  questions  and  a  reason  for  the  responses  that 
follow.  It  involves  the  "law  of  probable  dispersion."  which  I 
first  saw  on  the  wall  of  a  graduate  student  office  at  the 
University  of  Wyoming  in  1973.  Given  its  almost  universal 
applicability,  various  versions  of  this  principle  have  been 
published  in  a  number  of  "Murphy’s  Law"  conqiilations,  and 
failures  to  take  the  law  into  account  have  made  a  mockery  of 
any  number  of  contingency  plans.  In  an  analysis  of  the 
response  to  the  Exxon  Valde^  for  example,  CUuke  found 
that,  although  several  of  the  five  contingency  plans  for  spill 
responses  could  be  said,  charitably,  to  have  anticipated  a  spill 
of  such  a  magnitude,  none  of  them  could  be  said  to  have 
anticipated  the  ineffectiveness  of  the  response.^^^  One  of  the 
key  reasons  is  that  all  of  the  plans  effectively  ignored  the  fact 
that  real-world  organizations  lend  to  be  at  least  vaguely  aware 
of  the  law  of  probable  dispersion,  and  accordingly,  much  of 
the  early  response  to  the  spill  was  characterized  more  by  the 
effort  to  pin  the  blame  on  other  organizations  than  to  work 
with  them. 

Fact  #3  is  a  distillation  of  my  personal  observations  of 
essentially  all  of  the  technological  fiascoes  I  have  been  fol¬ 
lowing,  at  least  in  the  United  States.  In  most  such  cases,  three 
stages  can  be  readily  identified.  In  stage  1,  before  the  acci¬ 
dent,  a  great  deal  of  funding  may  be  devoted  to  research  in  a 
variety  of  disciplines,  but  almost  none  of  that  funding  will  be 
invest  in  systematic  analyses  of  human  and  organizatioiud 
behaviors.  Usually,  the  range  will  be  between  0%  and  3%, 
and  I  have  yet  to  encounter  a  case  where  the  investment  has 
been  as  much  as  S%  of  the  total  research  budget  Stage  2 
involves  the  investigations  thtt  are  canied  out  after  the  acci¬ 
dents,  during  which  some  80%  to  90%  of  the  blanne  will  be 
attributed  to  humans,  not  hardware.  In  Stage  3,  of  course, 
because  we  are  rational  acientistswholeamftomourmia- 
takes  and  because  we  warn  to  make  sure  our  risk-moiagenieat 
investments  are  proportional  to  the  teal  sources  of  risk  in¬ 


volved,  we  devote  fiom  0%  to  3%  of  our  research  budget  to 
human  and  organizational  factors  that  account  for  80%  to 
90%  of  the  risk. 

Conclusion 

Perhaps  the  simplest  way  to  summarize  is  to  note  that 
scientists  and  the  goieral  public  tend  to  have  dramatically 
different  levels  of  faith  in  technology  —  and  in  those  who 
manage  it  —  with  the  realizatiori  that  "faith"  is,  in  fact,  tiie 
correct  word  for  describing  die  orientations  of  scientists,  as 
well  as  those  of  the  general  pubUc.^^^"^^^  As  responsible 
scientists  are  often  among  the  first  to  poim  out,  those  of  us  in 
die  scientific  community  are  neidier  omniscient  nor  infallible. 
Even  spending  a  lifetime  in  studying  natural  laws  may  not 
allow  an  individual  to  rqieal  any  of  those  mtutal  laws — and 
diat  nuy  include  Murphy’s  Law. 

Anyone  who  has  spent  a  significant  amount  of  time  in 
science  knows  that  errors  and  missed  guesses  are  conunon, 
not  rare.  Experiments  fail  to  wmk  pti^ierly.  cherished 
hypotheses  are  demolished  by  the  data,  papers  take  three 
times  as  long  to  write  as  had  been  expected,  and  the  phone 
always  rings  at  the  wrong  time.  Although  both  the  scientist 
and  the  common  citizen  have  some  recognition  of  this  fact, 
however,  the  two  are  likely  to  differ  substantially  in  interpret¬ 
ing  itt  implications.  To  the  scientist,  such  errors  and  problems 
tend  to  be  altogether  unremarkable;  the  point  is  sinqily  to 
leam  from  one’s  mistakes,  and  indeed,  a  popular  book  has 
recently  examined  "the  role  of  failure  in  successful  de- 
sign."^'^^ 

The  problem  arises  when  we  move  from  the  laboratory 
to  the  real  world  and  when  the  scientist’s  mistake  is  not  just 
a  source  of  new  information  but  also  a  source  of  new  and 
tangible  consequences.  The  problem,  in  short,  arises  from  the 
possibility  that  the  scientist  or  die  agency  will  make  the 
mistake,  but  the  citizen  will  be  forced  to  live  widi  the  conse¬ 
quences,  particularly  in  cases  where  there  is  a  chance  for 
those  consequences  to  be  severe. 

Today’s  citizen  has  learned  for  good  reason  to  suspect 
that  things  may  not  work  as  advertised.  The  world  is  full  of 
con  artists,  stereotypical  used  car  salesmen,  arxi  others  who 
have  something  to  gain  from  promising  more  than  they  can 
deliver.  Given  the  realities  of  an  increasingly  complex  and 
interdependent  world,  it  is  not  die  least  bit  unreasonable  for 
a  citizen  to  ask  what  danger  might  be  caused  if  a  specialist 
full  to  fulfill  a  promise.  From  this  perspective,  in  fact,  what 
may  be  unreasonable  is  the  way  in  which  those  citizen  respon¬ 
ses  have  been  interpreted  by  scientific  community. 

*1110  sad  fKt  is  diat  those  of  us  who  make  up  die  scientific 
community  have  spent  many  years  dealing  with  public  con¬ 
cerns  in  a  decidedly  unscientific  way.  The  public  has  been 
both  denounced  and  "educated."  but  tardy  studied,  listened 
to,  or  understood.  The  net  result  is  that  pu^  opposition  has 
grown  to  levels  that  are  virtually  unprecedented,  and  the  rate 
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of  progress  toward  dealing  with  many  forms  of  technological 
controversy  has  grown  asymptotically  closer  to  zero. 

The  scientific  way  to  approach  public  perceptions,  by 
contrast,  is  neither  to  damn  nor  to  dismiss  diem,  but  to  seek 
to  analyze  and  understand  and  then  to  deal  with  them.  When 
we  take  this  more  scientific  approach,  moreover,  we  can 
begin  to  understand  why  past  qrproaches  have  been  so  over¬ 
whelmingly  unproductive.  If  public  tqiposidon  has  grown 
despite  our  concerted  efforts  at  "public  education,"  perhaps  it 
is  because  the  public  is  learning  different  lessons.  At  least 
some  of  die  lessons  involve  the  potential  for  recreancy,  stem¬ 
ming  not  just  from  spectacular  accidents,  such  as  the  one  at 
Chernobyl,  but  also  from  less  dramatic  incidents  at  Rocky 
Flats,  Fcmald,  Hanford,  and  other  sites,  particulaily  those 
sites  where  management  problems  turn  out  to  have  ben  more 
serious  in  retrospect  than  was  stated  or  perhaps  even  recog¬ 
nized  at  the  dme.^^^^ 

Perhaps  all  is  not  lost,  however,  if  we  can  begin  to 
educate  ourselves.  Rather  than  becoming  defensive  when  the 
public  complains  about  the  potential  for  mismanagetnent,  we 
need  to  do  more  to  deal  with  the  nonzero  possibility  that 
something  unexpected  may,  in  fact,  go  wrong.  The  quantita- 
dve  data^^^  tn^e  it  clear  that  recreancy  concerns  are  so 
corrosive  to  public  support  of  science  and  technology  that,  for 
those  of  us  who  make  up  the  scientific  and  technical  com¬ 
munity,  it  may  be  that  nothing  will  prove  more  threatening 
than  further  examples  of  our  own  failings.  For  those  of  us  who 
are  committed  to  the  maintenance  and  strengthening  of  our 
nation’s  scientific  aiul  technical  capacity,  the  potendal  for 
recreancy  may  present  the  greatest  risk  of  alL 
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The  following  is  the  abstract  of  the  presentation  by  Ms.  Lynn. 
Her  paper  is  not  available  for  puMication  at  this  time. 

Technical  expertise  and  empirical  sdentific  validity  have 
not  proven  to  be  a  sufficient  basis  on  which  to  make  decisions 
about  the  conduct  of  technological  development  in  the  United 
States.  This  is  partly  because  our  conception  of  the  nature  of 
science  and  engineering  that  undergirds  regulatory  initiatives 
and  technological  proposals  has  changed.  From  an  initiai 
definition  which  stressed  probabilistic,  if  not  objective  science, 
we  nwved  to  an  understanding  of  the  role  that  values  play  in 


the  models  and  assumptions  that  scientists  and  engineers 
choose.  However,  this  new  understanding  still  kept  the  public 
debate  focused  on  scientific  and  technical  issues.  Inaeasing- 
ly.  citizens  are  insisting  that  nontechndal,  societal,  and  cultural 
v^ues  be  included  in  policy  delberations.  New  forms  of 
dialogue,  collaboration  arnj  cooperation  among  citizens, 
scientists,  and  policy  makers  exist  that  make  risk  assessment 
and  management  decisions  less  contentious  ar>d  more  reflec¬ 
tive  of  the  American  democratic  system. 
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Ethics  and  Risk  Management 

Douglas  MacLean 
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For  more  than  a  decade,  some  of  us  have  been  invoivad 
in  (Sscussions  and  arguments  about  the  ethics  of  risk  manage¬ 
ment  Part  of  that  debate  has  bean  about  the  methods  and 
applications  of  prescriptive  analyais  in  making  decisions  in¬ 
volving  public  risk.  By  Iprescriplive  anaiysis,'  I  mean  any 
systematic  approach — it  need  not  be  quarititative— to  assist 
risk  martagers  in  making  dadsiorts  consistent  with  their  value 
judgments  and  their  information  about  a  problem.  No  one 
could  seriously  object  to  prescriptive  anal^  per  se,  but  of 
course,  analy^  must  use  soma  particular  method,  and  rif- 
farent  methods  can  raise  diffarant  objections. 

In  the  early  days,  the  ethical  debate  focused  on  cost- 
benefit  methods  tor  assessing  risks  and  comparing  them  to 
other  values.  Cost-benefit  analysis  is  subject  to  a  number  of 
serious  objections,  which  win  be  vary  briefly  described  in  this 
paper. 

introduction 

Cost-benefit  analysis  has  a  conception  of  value  and  a 
decision  rule.  The  classic  cost-benefit  conception  of  value  is 
"revealed  preference  theory,"  which  holds  that  die  starting 
point  for  identifying  values  in  a  prescriptive  analysis  is  an 
individual’s  preference  for  sornething,  interpreted  and 
measured  as  a  willingness  to  pay  for  that  thing.  Revealed 
preference  theory  tells  us  to  look  at  real  economic  data,  but 
if  these  behaviorist  strictures  seem  excessively  rigid,  we  can 
modify  the  evidential  requirements  to  iiKlude  contingent 
valuation  methods  or  expressed  preference  theory. 

The  cost-benefit  conception  value  is  also  individualis¬ 
tic.  All  values  are  monetized  as  individual  willingness  to  pay. 
Hie  cost-benefit  decision  rule  says  that  after  all  risks,  values, 
and  preferences  for  each  individual  have  been  assigned 
monetary  values,  they  should  be  added  together  and  the 
alternative  chosen  that  maximizes  net  benefits  (or  an  alterna¬ 
tive  diosen  if  benefits  outweigh  costs). 

Dtaeussion 

Gxt-benefit  analysis  has  been  criticized  both  for  its 
conception  of  value  and  for  its  decision  rule.  In  turn,  the 
concqition  (rf  value  has  been  criticized,  both  for  its  monetary 
standard  and  for  its  methodological  individualism.  Thus,  we 
have  three  kinds  of  criticisms  to  consider: 

1.  Those  directed -at  the  behavioral  and  monetary  standards 


of  value  embodied  in  revealed  preference  tiieory. 

2.  Those  directed  at  the  methodological  individualisms. 

3.  Those  directed  at  the  decision  rule. 

Objections  to  the  behavioral  and  monetary  standard  sug¬ 
gest  that  cost-benefit  methods  cannot  account  properly  for 
qiecial  ot  sacred  values,  or  for  moral  conflict  Hie  most 
publicized  criticism  of  cost-benefit  analysis  is  that  it  puts  a 
dollar  value  on  huriian  life  and  health  or  on  protecting  the 
environment  It  invites  us  to  regard  tiiese  things  as  com¬ 
modities  and  to  show  a  willingness  to  trade  them  for  other 
"consumer"  goods,  a  willingness  that  many  would  take,  in 
itself,  as  a  sign  of  moral  conuptiort  Of  course,  the  defenders 
of  cost-benefit  methods  argue  that  deciding  what  to  pay  is 
what  risk  management  is  all  about;  therefore,  the  only  issue 
is  whether  we  are  going  to  be  honest  and  explicit  about  it 

The  debate  has  not,  in  my  opinion,  been  resolved,  but  this 
objection  suggests  another  and  deeper  criticism  of  the  be¬ 
havioral  and  monetary  metric  of  value,  that  it  will  surely  lead 
to  moral  distortions.  Some  of  our  more  cherished  values  may 
be  tarnished  or  cheapened  by  our  showing  a  willingness  to 
pay  for  them.  Take  sex,  for  example;  it  is  an  important  value 
for  which  many  people  sacrifice  greatly,  but  it  is  not  uncom¬ 
mon  for  these  same  people  to  be  unwilling  to  pay  for  it  Our 
consumer  behavior  does  not  always  reveal  our  most  sincere 
and  reflective  thoughts  about  what  is  most  important;  nm- can 
it  show  the  difference  between  being  indiffermt,  because  the 
alternatives  seem  to  us  pretty  much  equid  in  value,  and  being 
conflicted  or  unable  to  choose,  perhaps  because  we  find  the 
alternatives  incomparable  on  a  single  scale  of  value. 

We  also  live  in  a  world  of  other  actors  and  choosers, 
whose  behavior  affects  our  outcomes.  Our  rational  choices, 
both  in  the  economic  and  in  the  political  qihere,  will  often  be 
strategic.  I  act  in  part  on  the  basis  of  my  beliefs  about  how 
my  behavior  will  influence  the  beliefii  and  behavior  of  others, 
about  how  my  behavior  will  influence  another’s  beliefs  about 
my  beliefs  about  his/her  behavior,  and  so  on.  We  simply 
cannot  infer  preferences  or  values  directly  from  observing  a 
rational  person’s  choice  behavior. 

Criticisms  of  the  methodological  individualism  of  cost- 
benefit  analysis  caU  attention  to  concerns  about  distributive 
justice.  Simply  aggregating  risks,  costs,  aralbenefitt  will  lead 
to  decisions  that  will  especially  disadvantage  the  poor,  rural 
populations,  and  (because  of  the  discoum  rate  ap^ied  to  all 
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monetized  values)  future  generations.  Of  couise,  adjustments 
can  be  made  to  the  preference  theoiy  to  counter  these  implicar 
dons,  but  unless  they  are  made  simply  to  correct  for  "income 
effects,"  they  are  eidier  od  hoc  nudificadons  or  else  they  lead 
in  the  direcdon  of  another  method  of  presciipdve  analysis, 
decision  analysis,  which  I  shall  discuss  pieser^y. 

Consider  an  example  that  illustrates  bodi  the  objecdon 
about  distribudve  jusdee  and  the  problem  with  the  cost- 
benefit  decision  rule.  Suppose  we  have  a  given  arrmunt  of 
resources  and  must  choose  to  qrend  the  entire  artKNint  on  one 
of  two  altemadve  projects.  Orie  project  would  reduce,  by  a 
given  amount,  the  average  individual  risk  of  prerruture  drath 
and  would  save,  let  us  say,  ten  lives  over  a  given  period  of 
tune.  The  second  project  would  reduce,  by  a  greater  amount, 
the  average  individual  risk  of  premature  death  in  a  sparsely 
populated  rural  area  but  would  save  only  five  lives  over  the 
same  period .  Assuming  all  other  factors  are  equal,  the  cost- 
benefit  decision  rule  would  tell  us  simply  to  reduce  the  risk 
of  the  urban  populadotL 

Now,  I  do  not  mean  to  suggest  that  this  decision  is  clearly 
the  morally  incorrect  one  or  that  our  intuidons  about  distribu¬ 
dve  jusdee  dictate  that  we  must  do  othowise.  Indeed,  in  cases 
like  these,  I  think  it  is  very  difficult  to  know  what  to  do.  The 
objecdon  to  the  cost-benefit  decision  rule  is  that  it  short-cir¬ 
cuits  the  dilemttuL  Government  agencies  that  have  suggested 
using  a  cost-benefit  decision  rule  have  been  cridcized  or  sued 
for  abandoning  their  legisladve  or  polidcal  mandate  and  for 
approaching  the  special  values  they  were  created  to  protect 
with  the  cold  and  detached  eye  of  an  accountant  looking  only 
for  the  biggest  "bang  for  die  buck."  Distribudve  jusdee  does 
not  cany  much  weight  in  analyses. 

This  oidcism  may  also  point  to  the  special  nature  or 
sacredness  of  certain  values,  which  may  call  for  certain 
symbolic  measures.  In  any  case,  it  suggests  the  importance  of 
procedural  values  to  which  cost-benefit  methods  are  entirely 
blind.  In  the  example  of  the  choice  between  urban  and  rural 
risk  reduedon,  perhaps  the  concerns  about  distribudve  jusdee 
are  best  met  by  adopting  a  procedure  for  making  the  choice 
that  represents  the  concerns  of  both  sides  fairly.  Ensuring  that 
decision  rules  reflect  different  procedural  values  is  surely  of 
piimaty  importance  in  resolving  many  risk  disputes. 

Thus,  there  are  three  kinds  of  ethical  objections  to  cost- 
benefit  methods.  The  behavioral  and  monetary  conception  of 
value  introduces  moral  distortioiu  and  fails  to  reflect  special 
and  sacred  values.  The  methodological  irxlividualism  leads 
to  decisions  that  ignore  our  concerns  for  distribudve  justice, 
and  the  decision  rule  is  incompatible  with  procedural  values. 

In  the  discussion  of  the  ethics  of  risk  management,  how¬ 
ever,  cost-benefit  analysis  is  a  thing  of  the  past  Recendy,  die 
discussion  has  shilled  to  decision  analysis,  in  large  pan 
because  decision  analysis  can  avoid  the  cridciams  just 
described.  Decision  analysis  makes  a  minimum  commitment 
to  my  concqidon  of  value.  It  is  thus  flexible  in  determining 
how  ahemadves  are  weighed  and  compared.  The  decision 


rule  is  not  an  algwithm  but  a  prescription.  We  can  reject  it 
and  decision  analysis  can  even  prescribe  against  its  own  use 
in  a  given  situadoiL 

Etocision  analysis  is  supposed  to  be  a  fomudizadon  of 
common  sense,  to  be  ajqilied  especially  to  probieins  that  are 
too  complex  u>  rely  on  common  sense  alone  to  analyze  ade¬ 
quately.  It  is  based  on  the  axioms  of  utility  theory,  which  can 
be  interpreted  merely  as  defining  a  coherent  and  consistent 
set  of  i^erences.  We  can  fill  in  die  values  however  we 
determine  we  should,  and  we  can  reflea  uncotaindes  to  any 
degree  of  accuracy. 

I  do  na  mean  to  suggest  that  decision  analysis  as  ». 
method  is  completely  immune  to  ethical  doubts;  howevo-,  I 
do  think  the  criticisms  that  can  be  raised  are  rather  recAerc/i^ 
and  abstract  Moral  problems  can  certainly  arise  in  arqr  ap¬ 
plication  of  decision  analysis,  as  its  proponents  have  been 
quick  to  recognize  and  adnut  but  I  think  we  must  agree  with 
Ron  Howard  that  as  a  method,  decision  analysis  is  basically 
"amoral,  like  arithmedc,”^’^  or  with  RalfA  Keeney  that 
decision  analysis  can  be  made  "coisistent  with  any  of  the 
major  ethic  dieories."^^^  To  see  that  this  is  true,  consider  how 
the  proponent  of  decision  analysis  would  respond  to  the  three 
kin^  ctf  objections  I  raised  against  cost-benefit  arulysis. 

Because  decision  analysis  is  silent  about  how  we  value 
a  state  of  a^its,  we  are  free  to  include  special  values,  sacred 
values,  nonmarketable  values,  and  so  on.  Die  only  thing  we 
are  required  to  do  is  compare  and  rank  different  altemadves 
consistendy.  That  can  be  done  widKwt  prejudice  to  the  nature 
of  our  concerns.  Even  if  we  take  some  values  as  absolute, 
unable  to  be  traded  off  widiout  being  compromised,  decision 
analysis  can  reflea  such  rankings  too.  Decision  arulysis  may 
show  us  how  difficult  it  is  in  practice  to  regard  some  values 
in  this  way  and  to  remain  constant;  however,  die  analysis  can 
do  this  with  a  certain  "lightness  of  step"  without  being  con¬ 
descending,  nagging,  or  simply  obtuse. 

The  minirrul  substantive  moral  commitment  of  decision 
analysis  also  means  that  it  is  na  committed,  as  is  cost-benefit 
analysis,  to  methodological  individualisnL  If  astateof  affairs 
includes  nonteducibly  social  values,  these  can  be  included. 
If  we  value  certain  moral  rights,  for  whatever  reason,  then 
they  contribute  value  to  the  state  of  affairs  in  which  they  are 
recognized  and  protected.  If  we  value  fair  distributions,  then 
we  can  likewise  include  distribudoiu  of  risks,  costs,  and 
benefhs  among  the  attributes  that  add  value  to  a  state  of 
affairs.  We  can  do  this  either  through  weighing  the  outcomes 
to  some  individuals  OT  groups  more  heavily  than  to  others  and 
then  aggregating  them,  or  we  can  do  this  by  measuring  the 
faimera  or  unfairness  of  the  distribution  of  risks  or  conse¬ 
quences  in  a  state  of  affairs  diteedy  and  iiKluding  fair  dis¬ 
tribution  itself  as  an  attribute  of  utility. 

Finally,  decision  analysis  aUows  us  to  coum  a  state  of 
affeiiB  bet»  in  which  a  decision  is  reached  by  using  a  fevored 
procedure  rather  than  a  state  of  affairs  in  whidi  otherwise 
identical  consequences  are  realized  in  a  differem  manner. 
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Thus,  if  we  nuist  choose  between  saving  the  lives  of  ten 
ufbanites  or  the  lives  of  five  nitalites,  we  could  decide  that 
the  best  outcome  of  all  is  to  invoke  a  fur  procedure  that 
detennines  that  we  shall  save  the  ten  lives.  We  can  then 
decide  whether  die  outcome  of  invoking  the  procedure  and 
saving  five  lives  is  ethically  better  than  saving  ten  lives 
without  invoking  the  proceifaire.  Which  outcome  we  value 
more  will  depend  ultimately  on  what  we  think  about  the 
importance  of  invoking  the  procedures  as  compared  with  the 
importance  of  risking  the  loss  of  the  five  extra  lives,  but 
decision  analysis  will  allow  us  to  go  either  way  on  this  choice. 

The  more  one  comes  to  appreciate  the  flexibility  of 
decision  analysis,  the  more  convincing  is  the  argument  dutt  it 
is  indeed  substantially  ethically  neutraL  However,  another 
conclusion  to  draw  from  these  arguments,  as  the  exanqile 
about  procedural  values  demonsttaiesclearly.is  that  decision 
anal3rsis  does  not  help  us  at  all  in  resolving  ethical  conflicts 
or  making  nuHal  progress  in  risk  management  because  it 
gives  us  no  moral  guidance.  The  only  value  it  promotes  is 
consistency,  leqiect  for  which  may  well  constitute  progress 
over  our  normal  practices  but  hardly  scratches  the  surface  of 
our  ethical  concerns.  Once  we  become  convinced  that 
methods  of  prescriptive  analysis  need  not  be  ethically 
suspect,  the  moral  debate  has  bera  neither  concluded  nor  even 
advanced.  Everything  remains  to  be  done,  and  what  remains 
is  a  lot 

Cofidiision 

Let  us  look  one  fiiud  time  at  the  three  kinds  of  objections 
to  cost-benefit  analysis.  The  first,  you  will  recall,  was  the 
behaviorist  and  monetary  conception  of  value,  which  turns 
out  to  be  morally  distorting  because  it  is  insensitive  to  a  range 
of  qiecial  and  important  values.  Decision  analysis  allows  us 
to  be  senntive  to  diese  values,  but  it  does  not  tell  us  how  to 
be  sensitive  to  them,  and  that  is  our  problem.  What  are  we  to 
make  of  values  that  seem  comproniised  when  we  are  asked 
to  determine  their  economic  wo^7  We  know  that  people  feel 
this  way  about  a  number  of  the  things  that  are  important 
subjects  for  risk  management  Our  surveys  on  risk  attitudes 
tell  us  this,  and  the  few  anthropological  studies  in  this  area 
may  help  to  explain  them  and  their  role  in  the  fabric  we  call 
culture.  However,  we  still  do  not  know  how  risk  managers 
should  tiptoe  around  these  issues,  or  what  role  a  government 
agency  may  be  expected  to  fill  in  giving  these  values  the 
symb^  or  expressive  actions  they  demand;  and  lives,  as 
well  as  serious  economic  consequences,  are  at  stake. 

Similarly,  even  if  one  method  of  prescriptive  analysis 
fails  to  reflect  the  concerns  of  distributive  justice  and  anodier 
one  does  not  essentially  fail  in  this  regard,  we  still  need  to 


know  more  about  the  values  of  justice  relevant  to  risk 
numagement  In  particular,  diere  are  two  issues  we  need  to 
better  understand.  The  first  is  the  connection  between  fairness 
and  procedures.  If  we  invoke  fair  procedures,  or  even  if  we 
distribute  risks  equally,  to  what  extern  does  this  relieve  us 
fiom  having  to  be  concerned  with  unequal  outcomes?  When 
are  those  outcomes  unfair  or  unjust?  This  question  points  to 
the  role  of  compensation,  which  suggests  a  second  central 
question  about  justice.  Part  of  understanding  die  special  na¬ 
ture  of  certain  values  or  the  qualitative  differences  among 
values  is  understanding  the  limits  of  die  ability  conqietisation 
to  achieve  justice.  Compensation  can  fail  in  two  different 
ways  for  diffisrent  reasons,  either  because  a  benefit  fails  to 
equal  in  amount  the  loss  for  which  it  is  meant  to  compensate 
or  because  it  fails  to  afftet  the  loss  because  it  is  a  feilure  in 
the  kind  of  benefit  required.  When  we  say  that  a  loss  cannot 
be  compensated,  we  can  mean  either  that  it  is  too  great  to  be 
offset  or  that  it  cannot  be  offset  by  the  nature  of  the  value. 
The  impcMtance  of  understanding  this  difference  will  be  to 
understand  when  risks  can  be  imposed,  if  the  losses  are 
compensated,  and  when  risk-imposing  activities  should  be 
prohibited  morally. 

Finally,  we  again  see  similar  issues  arising  when  we  look 
for  morally  adequate  decision-making  procedures.  In  risk 
management,  these  will  often  involve  a  requirement  to  in¬ 
volve  affected  parties  in  the  decision-making  process,  to 
secure  their  free  and  informed  consent  Again,  the  kind  of  risk 
research  we  have  from  die  social  sciences  does  more  to 
underscore  the  problems  than  to  suggest  solutions.  Here  we 
have  to  confrom  the  limitations  in  human  judgment  our 
tendency  toward  preference  reversals  (which  raises  deep 
problems  about  the  ctdierence  of  our  values),  and  the  difficul¬ 
ties  of  finding  effective  and  nonbiasing  ways  to  communicate 
technical  and  expert  informatioa 

What  are  we  to  make  of  all  these  problems?  I  do  not 
know,  and  I  do  not  think  anyone  else  knows  very  well  either. 
I  would  like  to  see  some  progress  made  on  the  (nhical  issues 
in  risk  management  and  perhaps  we  shall  when  we  can  put 
aside  our  doubts  about  prescriptive  analysis  per  se.  I  would 
like  to  contribute  to  this  progress  in  our  moral  understanding; 
however,  we  all  need  to  provide  rntne  support  than  this 
subject  has  received. 
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The  processes  of  risk  assessment  and  risk  management 
havs  been  subjects  of  ever-increasing  study  in  recent  years. 
Stemming  from  tfteir  application  to  engineering  and  nudear 
safety,  these  techniques  have  bean  extended,  particularty  in 
North  America,  to  indude  the  potential  health  risks  from 
chemicals.  The  results  have  been  important  in  terms  of  public 
pdicy,  as  we  wean  the  public  from  a  belief  in  absolute  safety 
to  an  understanding  of  the  probability  of  risk.  The  concept  of 
acceptable  risk  gained  modem  currency  from  the  serninai 
paper  of  Chauncey  Starr^' *  and  Lowranoe's^  thoughtful  book. 
The  distinction  is,  of  course,  between  what  is  acceptade  by 
whosoever  makes  the  assessment  and  what  is  accepted  by 
those  who  live  with  the  risk.  More  appropriately,  we  should  say 
•tolerable*  rather  than 'acceptable,' for  that  is  indeed  what  we 
are  prepared  to  live  with  kK  a  defined  period. 

ThMe  studies  gave  a  measurement  to  all  those  well- 
known  impulses  whereby  individuals  subject  themselves  to 
the  hazards  of  skiing,  aicohd,  or  motor  bikes  but  react  nega¬ 
tively  to  fluoridation,  food  addriives,  or  pestidda  residues,  ail 
of  which  are  regarded  with  suspicion  because  they  are  im¬ 
posed  from  outsida.  The  acceptara  of  a  risk  depends  not  only 
on  the  ascribed  level  of  risk  but  also  on  our  percoption  and 
degree  of  understandkig  of  that  risk.  Public  perception  of  risk 
is  often  markedly  at  variance  with  the  astimatss  given  by 
professional  scientists.  We  are  only  beginning  to  explore  the 
reasons  for  these  fears  and  concerns.  Sometimes  the  gap  can 
be  overcome  by  education,  but  more  often,  it  represents 
deeper,  more  firmly  held  beliefs.  Psychologists  have  shown 
how  important  in  risk  perception  are  such  factors  as  unknown 
giobaL  catastrophic,  increasing,  uncontrollable,  and  fearsome 
risks.^'  This  research  has  been  used  to  explain  and  forecast 
acceptance  and  opposition  to  specific  technologies,  particu- 
larty  the  nudear  industry.  In  the  final  analysis,  public  accep¬ 
tance  of  a  risk  depends  on  public  confidence  in  its  effective 
management,^^*  whereas  tolerance  of  certain  risks  can  be 
linked  to  an  expectation  that  altamativos  will  bo  developed, 
that  further  controls  will  be  aetabliahod,  or  that  a  apedflc  use 
wH  be  disoontinued. 

bitreduction 

Management  Strategies 

Regulatory  agencies  are  required  to  advise  on  die  trans¬ 
lation  of  the  scientific  estiiiuttiao  of  risk  to  tbe  appropriate 
risk  management  option.  In  die  final  analysis,  risk  manage¬ 
ment  decisions  are  political  because  they  must  leqwct  social, 
cultuial,  and  economic  realities.  The  options  available  to 


governments  to  manage  the  risks  from  chemicals  may,  for 
sinqilidty,  be  cmisidered  under  three  headings:  educational, 
economic,  and  regulatory.  Each  one  may.  of  course,  be  ap¬ 
plied  in  conjunction  with  the  odieis.  The  regulatory  option 
—  the  one  most  immediately  associated  with  government 
action  —  should  be  considered  as  encompassing  the  range 
from  promulgated  acts  to  recommended  guidelines  and  codes 
of  practice. 

The  educational  approach  can  serve  to  make  producers, 
workers,  and  the  general  public  aware  of  the  risks  fiom 
chemicals  so  that  they  can  voluntarily  take  the  requisite  action 
to  reduce  or  avoid  the  risk.  Public  information  programs  can 
enhance  health  promotion  by  advocating  such  sensible  life¬ 
styles  as  avoiding  smoking,  taking  alcohol  in  moderation,  and 
exercising  regularly.  Governments  can  strengthen  the  impact 
of  these  programs  through  advertising  in  the  media  to  suscep¬ 
tible  groups  (e.g.,  the  young)  and  by  the  personal  example  of 
comnunity  leaders.  Workera  can  be  educated  in  the  hazards 
of  chemicals  by  courses,  lectures,  posters,  films,  and  by 
explicit  labeling  of  cf.  emical  products.  Through  government 
agencies  aixl  supported  product  testing  studies,  consumers 
can  be  nude  aware  of  the  need  to  use  housdiold  chemicals, 
cosmetics,  pesticides,  and  fertilizers  with  care  and  attention. 
Positive  reinforcement,  by  publicity,  can  be  given  to  those 
manufacturers  arxl  producers  of  chemical  products  that  show 
corporate  responsibility  to  their  workers  and  the  public  in 
their  treatment  of  cheriucals,  both  within  and  outside  their 
plants. 

Economic  options  can  provide  both  positive  and  nega¬ 
tive  incentives  to  the  effective  cmitrol  of  hazardous  chemi¬ 
cals.  The  "polluter  pays"  is  a  principle  e^xMised  by  the 
Organization  for  Econonuc  Cooperation  arxl  Developmem^^^ 
wiA  the  intention  of  maintaining  equitable  trading  practices 
by  encouraging  poUuten  to  reduce  emissions.  In  general,  the 
use  of  effiuent  charges  will  encourage  polluters  to  reduce 
ennissions  until  the  nuninal  cost  of  further  abatement  ex¬ 
ceeds  the  charge  itself.^^ 

Other  economic  instruments  include  pollution-control 
delay  penalties,  market  emission  permits,  arxl  subsidies.^^  In 
the  first  case,  schedules  are  established  in  which  the  maxi- 
nxim  allowable  emissions  are  decreased  over  time.  Market 
emission  permits  nuy  be  issued  specifying  maximum 
cumulative  arxl  dispersive  emission  levels  fw  particular  pol¬ 
lutants.  Subsidies  such  as  grants  for  pollution  abaternent 
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equipment  may  be  used  as  a  moaetaty  incentive  for  pollution 
controL  Tax  deductions,  rebates,  and  credits  all  play  apart  in 
the  total  fiscal  policy  of  govenunents’  economic  control  of 
chemicals.^*^ 

Regulatoiy  options  rely  on  government  authority  to  en¬ 
force  compliance  with  q)ecific  healtii  and  safety  require- 
ments.  The  authority  can  be  throu^  the  force  of  law  and 
prosecution  or  through  tiie  more  gentle  route  of  persuasion 
and  recommendations.  In  principle,  the  essential  elements  for 
a  health  protection  control  program  fc^ow  tius  pathway: 

Invastigation/Researeh  -*Criteria-*Standards  -» 

Regulations  -^Enforcement  srtd  Complianoe  -» 

That  is  to  say,  investigation  and  research  lead  to  an  evaluation 
of  the  health  hazards,  formulated  as  criteria.  From  these 
criteria,  health  standards  are  derived  which  we,  in  turn,  con¬ 
vert  to  a  legislative  reality  when  promulgated  as  regulations. 
The  final  stage  is  the  enforcement  of  tiiese  regulations,  so  that 
if  they  are  not  achieving  the  original  intention,  die  cycle  of 
investigations  to  regulation  will  be  repeated  once  more.  Ideal¬ 
ly,  such  measures  relate  achievements  to  needs.^^^ 

Regulatory  agencies,  which  control  noxious  agents,  need 
a  solid  number  to  give  credibility  to  a  lej^ation,  standard, 
guideline,  or  even  a  recommoidation.^^  Whatever  tiie 
strength  of  the  regulatory  action,  a  number  can  be  aconcentra- 
tion  (e.g.,  milligrams  per  liter  [mg^],  micrograms  per  cubic 
meter  (iigAn^),  a  ratio  (e.gM  parts  per  million  [ppm]),  an 
emission  or  discharge  rate  (e.g.,  kilograms  per  day  [kg/day]), 
or  a  deposition  application  rate  (e.g.,  kilograms  per  hectare 
[kg/ha]).  Essenti^Iy,  the  number  enables  us  to  m^  a  judge¬ 
ment  as  to  what  is  safe  —  or,  more  properly,  an  acceptable, 
tolerable  risk  —  as  opposed  to  what  is  negligent  or  crhninal. 

The  number  should  be  enforceable  and  be  amenifole  to 
change  as  new  knowledge  develops  and  as  social  values 
change.  At  best,  it  will  be  an  approximation  without  giving 
an  absolute  guarantee  of  freedom  of  risk. 

Guidelines,  although  expressed  in  the  same  way  as  stand¬ 
ards,  are  envisaged  more  as  recommendations  that  do  not 
allow  legal  recourse  to  ensure  compUance.  Hiey  are  par¬ 
ticularly  valuable  in  ensuring  uniform  environmental  qu^ty 
where  te  responsibility  for  public  health  protection  is  shared 
with  other  jurisdictions.  Guidelines  are  also  developed  by, 
and  appropriated  to,  intemationnl  agencies  such  as  those  of 
the  United  Nations.  In  addition,  guidelines  are  flexible, 
without  enforcement  costs,  and  serve  as  an  incentive  to  in¬ 
dustry.  However,  they  have  limited  power  (other  than  public 
persuasion),  can  be  disregarded,  and  are  capable  of  misinter¬ 
pretation. 

The  Canadian  approach  to  risk  management  derives  from 
the  appropriate  le^slative  authority  —  both  federal  and 
proving  In  general,  the  Canadian  political  system  has 
adopted  a  liberal  democratic  view  the  state.  It  accords  to 
market  forces  the  primary  initiatives  in  the  introductioo  of 


new  products  and  goods  —  and,  hence,  of  new  hazards.  The 
state  does,  of  course,  referee  the  process  and,  on  occasion, 
assumes  direct  involvement  throu^  public  enteriHise.  Con¬ 
trol  of  toxic  substances  can  be  applied  from  manufrcture  to 
disposal.  Federal  jurisdiction,  particularly  the  criminal  law, 
tia^,  and  commerce  powers,  provides  the  basis  for  the  major 
acts  designed  to  protect  tiie  heddi  of  Canadians  from  environ¬ 
mental  hazards.^  In  all.  for  toxic  substances,  tiwre  are  some 
27  federal  statutes  that  exercise  some  form  of  control,  and  the 
10  provinces  have  enacted  some  100  pieces  of  legislation. 

In  genenl,  the  choice  of  measures  and  strategies  for 
regulation  depend  on  the  existing  legal  and  social  constraints 
ofthecountiy.  Some  countries,  sudi  as  the  United  Kingdom, 
make  use  of  self-regulation  while  others,  such  as  tiie  United 
States,  adopt  a  more  rigorous  approach  with  reliance  on  the 
courts.^*^^  The  r^nariiim  approach  represents  an  inter¬ 
mediate  position  and  can  serve  to  illustrate  the  general  prin¬ 
ciples  of  managing  toxic  chemicals. 

Scientific  Estimation  of  Risk 

A  numerate  society  such  as  ours  regulates  by  numbers. 
For  chemical  risks,  these  numbers  are  derived  from 
epidemiology,  particularly  for  occupational  health  analysis 
where  workers  have  tragically  been  exposed  to  such  choni- 
cals  as  vinyl  chloride,  asbestos.  lead,  or  arsenic:  from  animal 
tests  on  mairunalian  species;  and  from  in  vitro  analysis, 
particularly  for  genotoxicity.  In  recent  years,  the  use  of  bios¬ 
tatistics  to  provide  quantitative  risk  assessments  for  car¬ 
cinogenesis  has  led  to  the  use  of  calculated  numbers  to 
develop  policy  decisions  on  the  regulatory  control  of  chemi¬ 
cals.  This  approach  has  been  particularly  favored  by  the  U.S. 
Environmental  Protection  Agency  (EPA).  It  is  usually  ac¬ 
knowledged  that  a  lifetime  risk  of  10~^  is  so  low  as  to  be 
generally  acceptable.  Nearly  all  regulatory  decisions  on 
chemical  carcinogens  involve  higher  levels  of  risk.  In 
CaiUKla,  for  example  the  lifetime  risk  of  being  killed  by 
Ughtningisl.4xl0"v‘^> 

The  application  of  guidelines  for  risk  for  animal  car¬ 
cinogens  in  drinking  water  in  Canada  has  been  given,  at  their 
maxitmim  recommended  concentrations,  as  aimual  risks  of 
cancer  of  2  x  10~^  for  nitrilotriacetic  acid  (NTA),  5  x  10~^  for 
trilialomethanes,and2x  10~*foralachlor;  at  lOOppbformal- 
dehyde  in  indoor  air,  the  annual  risk  of  cancer  is  7  X 
Tbere  are  very  low  annual  risks — much  lower  than  that  for 
radon  in  indoor  air  at  800  BqAn^  which  translates  into  a  much 
hi^ierannuallungcancermortalityriskof  1 X  10~^  This  risk 
is  comparable  to  the  yearly  chance  of  a  fatal  injury  among 
worken^  the  manufKtuting  industry  or  the  goveromem 

The  use  of  numben  such  as  these  can  give  an  unwar¬ 
ranted  sense  of  security.  They  are  extrapolated  from  animal 
data  with  all  the  variability  that  brings;  for  cancer,  the  shape 
of  the  dose-response  curve,  with  inadequate  exposure  and 
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dose  data,  then  derived  by  different  statistical  and  stochastic 
models,  has  a  profound  effect  on  the  calculation  of  risk. 
Knowledge  of  delivered  as  opposed  to  administered  dose  will 
greatly  alter  the  risk  estimate  if  there  are  protective  barriers 
or  detoxifying  mechanisms  for  die  chemical,  as  for  formal¬ 
dehyde  or  NTA.  The  mechanism  of  action  can  strongly  in¬ 
fluence  die  dose-response.  Risk  management  requires  that 
we  develop  risk  estimations  in  this  fashion,  but  we  should  not 
be  deluded,  nor  delude  the  public,  that  the  science  is  exact 

In  addition  to  the  frailties  of  biological  data  are  the 
uncertainties  in  scientific  observations.  Diagnosis  of  neoplas¬ 
tic  lesions  has  a  subjective  element  and  is  affected  by  such 
fectors  as  degree  of  autolysis,  tissue  preservation  and  fixation, 
as  well  as  the  distinction  between  benign  and  malignaitt 
lesions.  With  biological  data,  there  is  always  an  observer 
factor  like  the  uncertainty  principle  in  physics. 

An  example  can  be  drawn  from  the  environmental  con¬ 
taminants  dioxins  and  fiuans.  Qearly  2J,7,8-tetrachlorinated 
dibenzo  dioxin  (TCDD)  is  an  animal  carcinogen,  but  there  are 
few  chronic  toxicity  data  available  for  risk  assessment  and 
the  choice  of  assumptions  and  the  methodology  used  can 
profoundly  afiect  the  results  obtained.  Hickman^’^  has 
pointed  out  that  when  the  potency  of  2,3,73-TCDD  is  com¬ 
pared  to  that  of  other  polychloriiuted  dibenzodioxins 
(PCDDs)  and  polychlorinated  dibenzofiirans  (PCDFs)  to  cal¬ 
culate  the  toxic  equivalent  fector  for  a  mixture  of 
PCDDs/PCDFs,  the  resulting  virtually  safe  dose  or  accept¬ 
able  daily  intake  as  calculated  by  different  agencies  can  range 
from  0.007  pg/day  for  the  U.S.  EPA  to  10  pg/day  for  the 
Canadian  Department  of  National  Health  and  Welfere, 
depending  on  the  assumptions  made  as  to  mechanisms  of 
toxicity,  extrapolation  to  humans,  and  such.  Thus,  there  can 
be  a  lOOO-fold  difference  in  estimates  based  on  the  same  data. 
This  is  for  compounds  where  there  has  been  no  adequate 
demonstration  to  date  that  human  populations  have  suffered 
excess  cancer. 

Science  cannot  always  give  the  clear,  definite  answers 
that  the  media  and  the  public  expect  The  limitations  and  the 
strengths  of  science  must  be  bettCT  appreciated  as  we  develop 
our  risk  assessment  process. 

IntMiMtitMial  Aspects 

The  Intetnational  Program  on  Chemical  Safety  (IPCS)  is 
a  cooperative  program  of  the  World  Health  Organfeation,  the 
International  Labour  Office,  and  the  United  Nations  Environ¬ 
ment  Program  established  in  1980  and  now  with  over  30 
countries  participating.  The  IPCS  has  close  relationships  to 
the  Organization  of  Economic  Cooperation  and  Develop- 
mem,  the  Commission  of  the  European  Communities,  and  the 
Food  and  Agriculture  Organization.  The  objectives  are  large¬ 
ly  devoted  to  risk  assessmeitt  for  chemicals  covering  estima- 
don  of  their  risk  to  human  health  and  the  environment  and 
method  development  for  risk  evaluations.  Products  from  the 


IPCS  include  environmental  health  criteriadocuments,  health 
and  safe^  guides,  intetnational  chemical  safety  cards,  poison 
information  monogriqihs,  acceptable  daily  iittakes  for  food 
additives,  and  pesticides.  These  are  all  used  by  member  states 
to  set  dieir  standards  for  safe  levels  of  chemicals  in  food,  air. 
drinking  water,  the  worlqilace,  and  the  environment 

Risk  management  is  entailed  in  the  IPCS  (dijectives 
devoted  to  the  prevention  and  response  to  chemical  emergen¬ 
cies  and  accidents.  New  propels  tiiat  will  probably  be 
considered  at  the  United  Nations  Conference  on  ^vironment 
and  Development  in  1992  in  Brazil  envisage  that  the  IPCS 
should  take  on  a  greater  role  in  providing  risk  management 
advice  and  protocols  to  member  states,  particularly  develc^ 
ing  countries. 

Risk  PerceptitMi 

If  the  future  of  risk  estimation  lies  with  advances  in  our 
understanding  of  the  basic  biochemical  processes  that  under¬ 
lie  the  toxicology  of  chemical-ceU  interaction,  then  the  future 
of  risk  perception  lies  with  understanding  the  psychology  of 
our  attitudes.  The  smictured  ordered  system  of  risk  assess- 
mem  depends  on  rational  argument  and  logical  thought,  and 
admirable  though  these  qualities  are,  they  are  not  necessarily 
overriding  factors  in  our  ultimate  decision-making.  The 
words  "risk  perception"  are  used  to  describe  the  subjective 
process  by  which  we  intuitively  assess  risk.^*^^  What  may 
seem  to  experts  to  be  the  public’s  misjudgment  of  objective 
risk  estimates  may,  in  reality,  be  a  reflection  of  deeply  held 
social  and  cultural  values.  These  fears  and  concerns  must  be 
understood  by  decision-makers  if  they  are  to  gain  public 
acceptance  of  risk  management  strategies — as  those  tespon  - 
sible  for  citing  nuclear  reactors  and  hazardous  waste  dumps 
have  learned. 

It  is  perhaps  worthwhile  to  examine  some  incidents  in 
Cjuuuia  where,  following  Jung’s  aphorism,  reason  has  been 
replaced  by  slogans.  The  most  dramatic  was  certainly  the 
public  reaction  to  the  government  ban  on  the  sale  of  urea 
formaldehyde  foam  insulation  (UFFI)  under  the  Hazardous 
Products  Act  in  1980.  At  that  time,  it  was  judged  to  be  the 
appropriate  regulatory  mechanism  to  control  a  product  that 
released  formaldehyde,  a  chemical  of  known  toxicity  with 
recent  evidence  of  carcinogenicity  to  rodents.  What  clearly 
was  not  realized  was  the  dramatic  effect  such  action  would 
have  on  the  house  market.  This  served  to  fuel  a  hysterical 
reaction  to  the  potential  hazard  of  formaldehyde  so  that  it 
became  impossible  to  maintain  a  middle  line  that  there  was  a 
risk  but  thitt  it  was  not  an  overwhelming  one.  During  the 
height  of  the  campaign  by  irate  UFFI  home  owners  for 
compensation,  articles  appeued  daily  in  the  press,  particular¬ 
ly  in  Quebec,  which  "feiuied  the  fliuiies."  The  phrase  "Les 
Victimes  de  La  MiuT  arose  and  ministen  were  pilloried. 
Hundreds  of  millions  of  dollars  of  public  money  has  already 
been  expended  in  congiensation  arid  lost  taxes,  and  some  1 1 
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yean  later,  there  are  still  many  cases  outstanding  in  the  courts 
against  the  Canadian  govenunent  The  nature  of  the  public 
response  was  clearly  out  of  proportion  to  what  was  known  of 
the  potential  hazard  in  1980  and  what  has  subsequently  been 
cofdinned  by  epidemiological  studies.^’^ 

The  psychopathology  of  this  cause  cdlbbre  would  require 
the  combined  skills  of  a  behavioral  psychologist,  a 
psychiatrist,  and  a  poet  (for  the  latter  are  often  the  most 
sensitive  to  human  emotions)  to  elucidate.  What  is  clear, 
however,  is  that  at  sortK  point  the  risk  became  unmanageable. 

The  nuclear  disaster  at  Chernobyl  occasioned  much 
public  concern,  although  Canadians  received  extremely  low 
exposures.  The  total  dose  (5S%  ingested  from  milk  and  foods) 
for  May  and  June  of  1986  ranged  from  a  high  of  1.63 
microsieverts  in  Vancouver  to  a  low  of  0.17  microsievetts  in 
Toronto,  with  a  national  average  of  0.S8  microsieverts.^*^ 
Estimates  for  1  year  of  exposure  give  a  national  average  of 
2.3  microsieverts.  Compared  with  die  average  aimual  ex¬ 
posure  to  background  radiation  from  natural  terrestrial  and 
cosmic  radiation  of 440 to 790 microsieverts,  one  can  see  how 
relatively  low  these  exposures  were.  The  estimate  of  risk  from 
the  2.3  microsieverts  is  on  the  order  of  1  in  SO  million  cancer 
risk  per  lifetime.  Yet,  die  Chernobyl  iiKident  raised  more 
information  requests  than  any  other  single  topic  in  health 
protection  over  the  last  20  yean.  The  phone  Unes  were 
blocked  with  more  than  S(X)0  calls. 

Geaily,  in  neither  instance  were  we  successful  in  com¬ 
municating  to  the  public  the  magnitude  and  importance  of  the 
risks.  Public  concern  did  not  dutifully  follow  the  ordered 
analysis  of  risk.  However,  in  the  case  of  Chernobyl,  it  could 
be  argued  that  by  an  open  and  informative  policy  the  public 
were  eventually  reassured. 

A  more  recent  example  can  be  drawn  fiom  our  review  of 
recombiiuuit  bovine  somatotropin  (BST),  a  biosynthetic  ver¬ 
sion  of  the  naturally  occurring  pituitary  hormone  in  cows. 
Bovine  somatotropin  can  increase  milk  production  in  dairy 
cows  from  10%  to  30%  and  is  rapidly  brcdien  down  by  human 
digestive  enzymes.  It  is  under  investigational  trial  across 
Carada,  and  in  response  to  wide-spread  public  concern,  milk 
from  test  animals  in  British  Columbia,  Alberta,  and  Ontario 
is  not  available  for  human  use.  In  Europe,  the  furor  has  been 
even  more  pronounced.  In  West  Germany,  environmentalists 
have  "man^  the  barricades”  against  die  hormone-injected 
”turbo-cow.”  The  recent  National  Institutes  of  Health  Tech¬ 
nology  Assessment  Conference**^*  concluded  that  die  com¬ 
position  and  nutritiorud  value  of  milk  from  BST-treated  cows 
is  essentially  the  same  as  that  from  untreated  cows.  Similarly, 
meat  and  milk  fiom  BST-treated  cows  are  as  safe  as  from 
untreated  cows.  We  are  in  agreement  with  this  evaluation,  yet 
at  present,  the  public  perception  of  risk  for  this  biotechnology 
product  has  overwhelmed  the  scientific  community. 

What  then  can  we  learn  from  these  cases?  At  the  simplest 
level,  we  learn  that  the  scientific  analysis  of  a  hazard  is  ordy 
aneptable  up  to  a  certain  point  Whm  the  level  of  concern 


reaches  irrational  proportions,  no  amount  of  sound  careful 
ratiocination  will  assuage  the  public’s  fears.  Deqiiy  held 
human  emotions  become  impervious  to  the  reasoned  ap¬ 
proach  of  experts. 

Therefore,  those  involved  in  risk  decisions  should  leam 
to  recognize  the  warning  signs  when  slogans  overtake  reason. 
The  Canadian  experience  of  Chernobyl  shows  that  it  can  be 
done.  Increasingly,  the  public  receives  its  information 
through  media  other  than  print  and  so  sensationalism  and 
emotional  engagement  are  emphasized.  Print  is  a  more  intel¬ 
lectual  medium  that  lends  itself  to  scientific  analysis.  The 
challenge  that  risk  managers  face  is  to  understand  and  ap¬ 
preciate  public  concerns  and  direct  them  to  logical  argument 
and  sober  consideration.  The  more  we  know  of  the  psychol¬ 
ogy  of  risk  perception,  the  better  prepared  we  will  be  to  deal 
with  these  most  difficult,  and  often  most  political,  situations. 
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Over  the  past  sevsrai  yaara,  incrBaaing  public  atlsntian 
has  bean  Ibcuaad  on  anvironmantal  poBution  at  fadlitias 
owmad  or  oparatad  by  tha  Unitad  Statas  Qovammant,  tatth 
particular  emphasis  on  hazards  that  pollution  may  praaantto 
human  health  and  the  anvirenmant  In  raaponaa  to  the  oon- 
oams  which  are  being  raisad,  federal  offldaia  and  privata 
citizans  have  investigatsd  a  variety  of  optiona  they  have 
available  to  ensure  anvironmantal  laws  are  baing  anforcsd 
and  to  compensate  those  injured  by  the  pollution.  More  and 
more,  those  options  have  induded  litigatioa  Criminal  proaacu- 
tions  have  b^  institutad  against  goverrwnant  ainployees, 
and  civil  suits  have  bean  filed  against  the  govammant.  against 
those  who  oontrtMitad  to  tha  parosived  prablam  and  agairud 
those  who  are  endeavoring  to  dean  up  tha  sites.  Questions 
have  been  raisad  about  whether,  and  to  what  extant,  the 
government  should  indemnify  Hs  contractors  or  contractors 
should  irxiamnify  the  government  ParKfing  legislative  initita- 
tivas  may  address  some  of  these  probloms.  but  potantial  dvfi 
and  criminai  liability  will  probably  be  the  order  of  the  day  fOr 
the  foreseeable  future. 

Introduction 

Most  envifoiuiieiiial  laws,  stale  and  federal,  contain 
provisions  that  impose  civil  and  crimiiud  liability  on  "per- 
lons”  who  violate  those  laws.  The  term  "person"  is  defined 
in  these  statutes  to  iiKlude  individuals.  Thm  are  a  number  of 
recent  cases  in  which  state  or  federal  officials  have  sought  to 
impose  liability  on  individuals  for  environmental  law  viola¬ 
tions,  even  though,  at  the  time  of  the  violations,  the  in¬ 
dividuals  were  employees  of  corporations  of  other  entities. 
These  efforts  to  impose  civil  or  criminal  penalties  have  oc¬ 
curred,  primarily,  in  two  situations:  l)whntlieciicutnstati- 
ires  of  the  case  are  particulariy  egregious  (e.g.,  extremely 
hazardous  toxins,  toxic  waste  dump  sites,  or  non- 

iretnpliance)  and  the  defendants  are  high-ranking  corporate 
officials  of  closely  held  corporations  who  have  rMined 
)iands-on  nunagement  of  environmental  issues  or  2)  where 
(he  enforcemem  authority  warns  to  get  the  attention  of  the 
|X)iluten  and  make  a  statement,  political  or  otherwise  (e.g., 
the  criminal  prosecution  of  three  civilian  government 
employees  at  the  Aberdeen  Proving  Grounds  in  Maryland,  to 
inake  the  point  feat  fee  govemmem  is  not  exempt  born 
environmental  laws). 


Cases  interpreting  sonre  of  fee  environmental  statutes 
have  held  feat  die  individuals  who  may  be  liable  for  penalties 
are  those  who  are  "reqwnsiUe"  for  the  activities  that  gave 
rise  to  the  violatioiL  In  feet,  an  occasional  case  has  sought  to 
impose  liability  on  a  relatively  low>level  employee.  How¬ 
ever,  as  has  bem  noted,  the  usual  qjproach  aiien  employees 
are  singled  out  is  to  target  the  hi^ranking  office  in  the 
organization. 

A  recent  state  and  regiorud  summary  by  the  U.S.  En¬ 
vironmental  Protecdon  Agency  (EPA)  of  civil  and  criminal 
enforcement  activity  is  set  out  in  TaUes  I  and  IL  Continued 
negative  publicity  regarding  violations  of  environmental  laws 
will  most  likely  result  in  increased  enforcement  activity. 
Although  recent  legislation  has  severely  restricted  the  cir¬ 
cumstances  under  which  federal  etrqrloyees  can  be  held  civil¬ 
ly  liaUe  for  violations  of  envirorunental  laws,  there  ts  no  such 
protecdon  against  criminal  liability,  and  the  possibility  of 
criminal  prosecudon  is  sdll  a  very  real  threat. 

Thn  Statutory  FrwMivork 

The  Resource  Conservadon  and  Recovery  Act  (RCRA)^ 
is  the  major  federal  statutory  authority  for  the  reguladon  of 
waste.  Tliere  are  essentially  three  programs  under  RCRA  that 
impose  obligadons  on  the  genendon,  treatment,  storage,  and 
diqxisal  of  waste  materials:  Subdde  C,  which  deals  wife 
hazardous  waste  (as  defined);  Subdde  D,  which  deals  wife 
norfeazardous  solid  waste:  and  Subdde  I,  which  imposes 
certain  requirements  on  underground  Stonge  tanks. 

For  enforcement  purposes,  it  should  be  noted  that  RCRA 
is  a  program  which  Cwgress  has  permitted  to  be  enforced  by 
the  states,  if  certain  statutory  requirements  are  met  As  of  July 
1990, 46  states  atxl  several  territories  were  administering  all 
or  a  part  of  the  RCRA  program  within  their  jurisdiedons. 
Therefore,  enforcement  of  RCRA  violadons  will  usually 
come  from  the  states.  However,  in  certain  cases,  EPA  ttuy 


^Tlw  sBoenl  dfriprinM  of  levaal  of  the  legalMOfy  icheniee  me 
■mwtaed  from  »  escenew  pobUceiioB  of  te  NMioiial  Awocimiow  of 
AUoamye  Ommai,  Sum  Aopnmys  Geeml  Gmde  10  Emnraimmmat  Law 
1990.  SiMB  lews  may  vwy  ad  ihoohl  be  coma  hod  for  pwiiailar 
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TABLE  I  FtocalY—r  1990  at«li  hyflfliEiitoigtiiintDfSumiiiwy 


Moat  Preaaculad  Vlolaliona 

Aonra¥nw  Mcppni 

EPA  State 

Total 

^WA 

1342 

1238 

"Sit 

CAA 

221 

1881 

1802 

RCRA 

382 

1380 

1712 

SOWA 

111 

1088 

1168 

148 

1004 

1183 

EPA  AdmIntstrallve  AcMcn 

ulcypws* 

CAA 

eWA 

RCRA 

SOWA 

Region  1 

7S 

120 

134 

2308 

Ra^W* 

302 

328 

284 

10018 

Region  III 

307 

83 

203 

8036 

Region  IV* 

327 

838 

271 

8802 

RagionV 

100 

271 

188 

884/104 

Region  VI* 

178 

784 

246 

8208 

Region  Vil 

81 

84 

136 

33/122 

Region  VIII 

62 

43 

103 

8406 

Region  IX 

274 

108 

77 

18/116 

RegionX 

38 

124 

70 

308 

ftftfwit  of  <indtffirfMtnri  tnitfltfoft  ftOftfrnl  fl  WCVIwihftr  f^w>p*v 

CWA  ■  CiMn  Waltr  Act;  CAA  ■  CiMn  Ah’ Act  RCRA  ■  Rmowcb  ConMfviten 
and  RMOvary  Act;  SDWA  -  Sate  OrMdno  WaiBr  Act 


have  primaiy  enfoicement  aiithoriQr.  Rnally,  to  complicate 
matten  fuidier,  there  are  certain  omditions  under  whidi  EPA 
will  take  an  enforceineiit  action,  even  when  a  state  has 
primaiy  responsibility  for  the  RCRA  program,  such  as  when 
EPA  f^  tlK  state  is  not  acting  expeditiously,  the  proposed 
resolution  of  the  matter  is  inappropriate,  or  when  a  case  may 
establish  precedent 

Hazantous  WasttP 

Overview.  Pursuant  to  $3002  of  RCRA,  42  U.S.C 
$6922,  EPA  has  established  requirements  for  generators  of 
hazardous  wastes.  Those  requirements  set  out  the  recordkeep¬ 
ing  obligations  of  generators;  they  mandate  the  use  of  ^>- 
propiiate  waste  containers  and  the  labeling  for  thore 


containers;  they  designate  the  use  of  a  Uniform  Hazardous 
Waste  Manifest  System  to  ensure  that  hazardous  waste  is 
listed  on  a  proper  invoice  for  tranqwitation  and  is  designated 
to  arrive  at  a  permitted  Treatmem,  Storage  and  Diqwsal 
(TSD)  facility. 

Regulations  promulgated  pursuant  to  $3003  of  RCRA, 
42  U.S.C  $6923,  govern  hazardous  waste  transporters.  These 
regulations  mandate  1 )  proper  recordkeeping  ^  transported 
waste;  2)  transpoitation  of  hazardous  waste  only  if  properly 
labeled;  3)  compliance  with  the  manifest  system;  and  4) 


*HuaitoiB  wHM  BB  cither  liaad  by  the  EPA.  or  they  have  ccubb 
ciBracBriiiicc.  neb  ic  flannuiNlity,  metivity.  oonoiivity,  or  they  teil  to 
pne  a  pBticate  EPA-4eveioped  BB.  the  TCLP. 


TABLE  9.  Civil  and  CriminnI  Rafanato 


Total  EPAOtateCIvI  Retarrale 

Total  EPA  Criminal  Reterrale 

CAA 

eWA 

SOWA 

RCRA 

CAA 

eWA 

SOWA 

RCRA 

Regtcnl 

vr 

802 

oo 

20 

1 

3 

2 

2 

Region  II 

on 

3n8 

oo 

on 

1 

2 

1 

0 

Region  III 

806 

801 

on 

QO 

2 

4 

1 

2 

Region  IV 

4n6 

806 

8/47 

20 

3 

8 

0 

8 

Ro^V 

2af74 

11/84 

801 

ono 

0 

2 

0 

2 

Re^VI 

10/8 

17/0 

1/84 

30 

0 

2 

1 

6 

Region  VII 

3n3 

1/87 

OO 

QOO 

0 

0 

0 

0 

Region  VIII 

8no 

3n8 

40 

30 
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0 

0 

8 

Region  IX 

120 

20 

OO 

in 

0 

1 

0 

0 

Ro^X 

803 

1/0 

OO 

in 

2 

3 

0 

0 

eWA  ■Ctean  Water  Act  CAAb  Clean  Air  Act  RCRA  ■naaouwiConaeivatlQn  and  Recevsry 
Act  80WA  -  Sate  OrinMng  Water  Act 
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transportation  only  to  pennitted  TSD  fKilities. 

Regulations  under  83004  of  RCRA,  42  U.S.C  8^924. 
govern  owners  and  operators  of  TSD  ftcilities.  The  standards 
established  here  include  those  for  proper  recoidkeqnng  for 
the  wastes  being  handled;  compliant  with  the  manifest 
system;  treatment,  storage,  and  disposal  using  EPA-approved 
methods;  contingency  plans  for  unanticipated  damages 
resulting  from  the  waste;  proper  iruuntenance  of  facility 
operations;  and  the  providing  of  persoiuwl  training. 

Each  TSD  fecility  must  have  a  permit  The  permit  will 
contain,  among  a  numbCT  of  other  enforceable  requirements, 
facility-specific  technical  standards  and  provisions  which 
require  corrective  action  (Le.,  cleanup)  measures,  to  address 
leaks  from  waste  management  units.  Although  some  facilities 
have  final  RQIA  permits,  most  facUities  still  operate  under 
"interim  status"  permits,  which  were  authorized  under  RCRA 
under  certain  circumstances,  until  final  permitting  could 
occur. 

The  1984  Amendments  to  RCRA  added  several  features 
that  have  been  the  subject  of  increased  regulation  over  the  last 
several  years.  These  have  irKluded:  1)  the  banning  of  land 
disposal  of  certain  toxic  materials,  unless  specifically  ap¬ 
proved  by  EPA;  2)  the  enhancement  of  EPA  state  ability 
to  enforce  corrective  action  measures  at  RCRA  facilities;  and 
3)  the  reduction  in  the  amount  of  waste  that  can  be  generafed, 
without  the  ittqKwition  of  certain  requirements. 

Enforcement  Section  3008  of  RCRA,  42  U.S.C  86928, 
provides  RCRA’s  enforcement  authority  for  Subtitle  C  Al¬ 
though  state  enforcernem  processes  and  penalties  need  not  be 
identical  to  RCRA,  rrumy  of  them  are  very  similar. 

Under  83008,  EPA  truy  issue  an  administrative  order 
assessing  civil  perulties,  or  requiring  compliance,  or  both. 
Civil  actions  may  also  be  instituted  in  court  by  the  Justice 
Department  Gvil  penalties  of  up  to  $22,000  per  day  of 
violation  of  the  Act  or  administrative  orders  are  authorized. 
Failure  of  a  facility  to  comply  with  corrective  action  orders 
can  also  result  in  a  $22,000  fine  for  each  day  of  noncom- 
pliance. 

On  the  crimirud  side,  the  maximum  sentence  for  know¬ 
ingly  transporting  or  causing  transport  of  a  hazardous  sub¬ 
stance  to  an  unpermitted  fscility,  or  for  knowingly  treating, 
storing,  or  disposing  of  hazardous  waste  without  a  permit  in 
violation  of  a  permit  conditiott  or  in  violation  of  interim 
status  regulations,  is  2  years’  imprisonment  and  a  $20,000 
fine  for  each  day  of  violatiotL  For  those  who  fail  to  file,  or 
fidsify  required  reports,  manifests,  applications  or  records, 
who  transport  without  a  rrunifest  or  who  improperly  export 
a  hazardous  waste,  the  maximum  prison  sentence  is  2  years. 

Both  civil  and  criminal  penalties  can  be  imposed  against 
any  "person."  That  term  is  defined  in  81004  of  RCRA,  42 
U.S.C  86903,  as: 

"...  an  individual,  trust  film,  joint  stock  company, 
corporation  (including  a  government  corporation). 


partnership,  associatiott  state,  municipality,  commis- 

sioit  political  subdivision  of  a  state,  or  any  interstate 

body." 

There  are  also  so-called  "knowing  endangerment" 
crimes  under  83008(e)  of  RCRA.  If  a  person  commits  a 
viedation  of  RCRA.  krwwing  that  such  violation  places 
atKJther  person  in  inuninent  danger  of  death  or  serious  bodily 
harrtt  that  person  may  be  fined  $220,000  ($1,000,000  for  an 
organization),  and  iirqnisoned  for  up  to  12  years. 

Nonhazardous  Wastes 

Overview.  Despite  the  fact  that  the  vast  majority  of 
waste  generated  in  the  United  States  is  classified  as  nonhazar¬ 
dous  waste  (even  though  it  may  contain  some  hazardous 
waste).  Subtitle  D  of  RCRA  is  primarily  an  advisory,  rather 
than  a  mandatory,  subtitle.  Essentially,  according  to  its  terms. 
Subtitle  D  was  enacted  to  encourage  and  assist  states  in 
developing  comprehensive  plans  for  handling  nonhazardous 
solid  waste,  using  methods  that  ate  envirorunentally  sound 
and  that  maximize  the  use  of  materials  recoverable  from 
waste.  Thus,  under  Subtitle  D,  states  ate  not  requited  to  obtain 
EPA  approval  for  their  twrihazardous  solid  waste  manage¬ 
ment  programs  and  EPA  does  not  implement  such  programs 
in  the  states.  About  half  the  states  do  have  EPA  approved 
plans,  which  meet  the  minimum  requirements  of  8^3  of 
RCRA,  42  U.S.C  86943.  Those  requirements  iiKlude  the 
prohibition  of  new  open  dumps  within  the  state  and  mandate 
that  all  solid  waste  in  the  state  be  used  for  resource  recovery, 
or  be  disposed  of  in  a  sanitary  landfill,  or  in  an  otherwise 
environmentally  sound  maruier.  Two  areas  in  which  EPA  has 
recently  moved  to  tighten  standards,  in  order  for  states  to  have 
their  programs  qualify  for  EPA  approval,  are  landfills  and 
waste  incineration.  Stricter  criteria  have  been  proposed  for 
each. 

EnforcemenL  All  states  have  some  type  of  nonhazar¬ 
dous  waste  management  program  and  may  lutve  a  variety  of 
civil  and  criminal  penalties  available  to  them  under  those 
nonhazardous  waste  statutes.  Determination  of  itxlividual 
liability  is  on  a  state-by-state  basis. 

There  is  one  penalty  provision  in  RCRA  which  may  be 
applied,  by  the  federal  government,  in  cases  involving  solid 
waste  (as  well  as  in  cases  involving  hazardous  waste).  That 
provision  is  87003,  U.S.C  86973.  Section  7003  provides  that 
the  EPA  may  sue  any  person  who  is  contributing  or  has 
contributed  to  the  handling,  storage,  treatment,  transporta¬ 
tion,  or  disposal  of  solid  or  hazardous  waste  which  has  or  may 
present  an  imminent  and  substantial  endangerment  to  health 
or  the  environrnem.  The  Administrator  may  seek  appropriate 
relief  in  such  a  suit  The  Administrator  may  also  issue  such 
orders  as  may  be  necessary  to  protea  public  health  and  the 
environment  A  fine  of  $2,(XX)  per  day  of  violation  of  such  an 
order  is  authorized. 
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Underground  Storage  Tanks 

(hfanrlew.  SulMitle  I  of  RCRA  govenu  all  petroleum 
producta  noted  in  underground  storage  tanks  (USTs)^  and  <rf 
any  substance  defined  as  hazardous  under  CERCLA.  A  UST 
is  defined  as  one  with  at  least  10%  of  its  volume  buried  below 
the  ground.  The  major  provisions  of  the  UST  progiam  arc  1) 
a  ban  on  the  installation  of  corrodible  tanks  (effective  May  7. 
198S),  2)  the  initiation  of  a  tank  notification  program,  and  3) 
developmentoftechnicai  standards  for  all  tanks. 

Reports  are  to  be  made  to  a  designated  state  or  local 
agency  on  the  age,  size,  type,  location,  and  uses  of  tanks, 
nioae  who  must  report  are  distributors  of  regulated  substan¬ 
ces,  owners  of  qrerational  tanks,  and  owners  of  tanks  taken 
out  of  service  latCT  than  1974,  but  still  in  the  ground.  Federal 
and  state  persoiuiel  are  authorized  to  request  pertinent  infor¬ 
mation  from  tank  owners;  inspect  and  sample  tanks;  and 
monitor  and  test  tanks,  surrounding  soils,  air,  surface  water, 
and  groundwater. 

Enforcement  Gvil  penalties  of  up  to  $10,(X)0  per  day 
of  violation,  per  tank,  are  authorized.  There  are  no  criminal 
penalties  authorized  for  failure  to  notify,  for  false  infonruh 
tion,  or  for  improper  release  detection,  prevention,  or  correc- 
tiotLTheEPAmay  issue  compliance  ortfers  for  any  violations 
and  the  penalty  fv  violation  of  these  is  $25,000  per  day  of 
continued  noncompliance.  States  can  obtain  approval  for 
enforcement  and  as  in  Subtitle  C,  the  enforcement  provisions 
do  not  have  to  be  identical  to  the  federal  provisions. 

TIm  ClMn  Water  Act 
Overview 

Section  301(a)  of  the  Qean  Water  Act  (CWA),  33  U.S.C 
§131 1(a),  prohibits  the  discharge  of  poilutants  from  a  poim 
source,  as  defined,  into  the  navigable  waters  of  the  United 
States,  unless  the  discharger  holds  a  National  PoUutam  Dis¬ 
charge  EUmination  System  (NPDES)  permit  pursuant  to 
Section  402  of  the  Ao,  33  U.S.C  §1342.  These  permits 
establish  the  "effluent  limits”  for  each  pollutant  discharged 
from  a  facility.  The  term  "pollutant"  is  broadly  defined  in  the 
statute,  and  the  terms  "poim  source"  and  "navigable  waters” 
have  been  very  broadly  defined  by  the  courts.  Section  308  of 
CWA,  33  U.S.C  §  13 18,  also  requires  that  the  NPDES  permit 
specify  the  frequetKy  atai  type  of  monitoring  an  operation 
must  perform  to  detnmine  its  water  quality,  and  it  mandates 
that  the  Discharge  Monitoring  Reports  (DMRs)  generated  by 
that  monitoring  be  filed  with  the  appropriate  state  ageiKy. 

Section  307(b)  of  CWA,  33  U.S.C  §1317(b),  requires 
the  pretreatment  of  industrial  wastewater  duu  may  dainage, 
interfere  with,  or  pau  through  publicly  owned  sewage  treat- 
mem  works,  or  which  nu^  contaminate  sludge. 


*^42UJ.C|«99t-699I(0. 


Section  404  of  CWA,  33  U.S.C  §1344(a).  requires  a 
permit  for  the  discharge  of  dredge  and  fill  truoerials  into 
navigable  waters.  The  U.S.  Army  Coq»  of  Engineers  ad¬ 
ministers  this  progtaiiL 

Section  311  of  CWA,  33  U.S.C  §1321.  prohibits  the 
discharge  into  navigable  waters  of  oil  or  hazardous  substan¬ 
ces  that  may  be  harmful.  In  addition,  a  person  in  charge  of  a 
facility  or  a  vessel  fiom  whidi  oil  or  a  hazardous  substance 
is  released  in  excess  of  the  "rqxxtable  quantity,”  as  defined, 
is  required  to  report  that  release  to  the  National  Response 
Center  immediately. 

Erdorcemern 

Thirty-nine  states  have  the  authority  to  issue  and  enforce 
NTOES  permits,  and  in  those  states,  state  enforcement  is  the 
rule  and  EPA  enforcement  the  exception.  The  EPA  does  have 
the  authority,  however,  to  review  a  state  enforcement  action 
to  determine  if  it  is  adequate.  In  those  cases,  EPA  may  decide 
to  "overfile”  on  the  state  case. 

Most  efforts  to  enforce  CWA  have  been  in  the  form  of 
administrative  action  and  with  the  use  of  civil  penalties. 
Section  309  of  the  statute,  33  U.S.C  §1319,  provides  that 
EPA  may  issue  a  compliance  order  or  file  a  civil  suit  for  any 
violations  of  water  quality-related  effluem  limitations,  na¬ 
tional  performance  standards,  toxic  effluent  standards,  or 
{umreatmern  standards,  or  for  violations  of  any  permit  condi¬ 
tion  or  limitation,  either  under  an  NPDES  permit  or  a  dredge- 
and-fiU  permit  Orders  may  be  issued  or  suits  filed  for  any 
violation  of  tecotdkeq>ing,  monitoring,  sampling,  or  report¬ 
ing  requirements. 

Administrative  penalties  can  amount  to  $10,000  per 
violation,  up  to  a  maximum  total  of  $125,000  for  some  types 
of  violations.  The  judicial  penalty  can  amount  to  $25,000  per 
day. 

Criminal  penalties  are  established  for  three  types  of 
conduct:  negligent  violations,  knowing  violations,  and  know¬ 
ing  endangennem. 

Any  person  who  negligently  violates  effluent  limitations, 
standards,  permit  conditions,  (I^DES  or  diedge-and-fill),  or 
who  dischvges  oil  or  hazardous  substances  into  the  navigable 
waters  is  liable  for  a  fine  of  not  leas  titan  $2,5(X)  nor  more  than 
$25, (XX)  per  day  of  violation,  or  by  imprisotunem  for  not  more 
than  1  year,  or  both.  Knowing  violations  may  resuit  in  up  to 
3  years  in  prison  and  fines  of  $5,000  to  $50,000.  Second 
offences  for  both  negligent  and  knowing  violations  receive 
double  tiw  penalties. 

Any  person  who  knowingly  makes  any  false  statement, 
representation,  or  certification  in  any  appiication,  record, 
report,  plan,  or  other  document  or  knowingly  renders  inac¬ 
curate  any  monitoring  device  or  metiiod  required  to  be  main¬ 
tained  is  liable  for  a  fine  of  not  more  than  $10,000,  or  by 
imprisonmem  for  not  mote  than  6  months,  or  by  both. 
Anyone  who  fails  to  notify  the  National  Response  Center 
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of  a  spill  of  oil  or  a  hazaidous  substance  is  subject  to  a  fine 
of  up  to  $10,000  and  a  prison  term  of  up  to  1  year. 

If  a  person,  in  violating  the  Act,  knowingly  places 
another  in  inuninent  danger  of  death  or  serious  bodily  harm, 
that  person  could  receive  a  the  maximum  penalty  of  a  iS-year 
prison  sentence  and  a  $230,000  fine  ($1,030,000,  if  the  party 
is  an  organization). 

Any  person  who  is  the  owner,  operator,  or  person  in 
charge  of  a  vessel,  onshore  facility,  or  ofiEdiote  facility  from 
which  oil  or  a  hazardous  substance  is  discharged  in  vioiadon 
of  the  Act  is  liable  for  civil  penalties  of  up  to  $3,000 per  barrel 
of  oil  or  unit  of  reportable  quantity  of  hazardous  substance. 

For  purposes  of  civil  penalties,  a  person  is  defined  in 
Section  302  of  the  Act,  33  U.S.C  S1362,  to  include: "...  An 
individual,  wganization,  partnership,  association,  stale, 
municipality,  commission,  or  political  subdivision  of  a  stats, 
or  any  interstate  body."  For  criminal  purposes,  the  term 
"person"  also  includes  "any  responsible  corporate  officer”  [33 
U.S.C  81319(cX6)l. 

TIm  Ctaan  Air  Act 

Overview 

The  Qean  Air  Act  (CAA),  amended  substantially  in 
1990,  regulates  emissions  to  the  atmosphere  fiom  both  sta¬ 
tionary  and  mobile  sources.  Under  Section  109  of  the  CAA, 
42  U.S.C  87409.  the  EPA  is  to  establish  the  highest  level  of 
various  air  pollutants  in  the  ambient  air  that  will  not  harm 
human  health  and  set  air  quality  standards  at  or  below  thm 
leveL  These  standards  are  known  as  Primary  National  Am- 
biem  Air  (Quality  Standards  (Primary  NAAQSs).  There  are 
also  Secondary  NAA(}Ss,  which  are  levels  that  must  be 
maintained  to  protect  public  welfare  fiom  known  or  an¬ 
ticipated  adverse  effects  (e.g.,  damage  to  animals,  crops,  and 
personal  property).  NAA(2Ss  currently  exist  for  carbon 
monoxide,  sulfiir  dioxide,  ozone,  pnrticulate  matter,  lead,  and 
oxides  of  nitroge^ 

The  stales  are  to  establish  procedures  by  which  the 
NAAQSs  are  to  be  met  They  do  this  by  submission  (and 
approval  by  EPA)  of  State  Inqrlementation  Plans  (SIPs). 
which  outline  how  each  air  quality  control  region  in  the  stale 
will  maintain  compliance  with  the  NAAfJSs.  These  SIPs 
contain  emiuions  limitations  by  source,  schedules,  and 
timetables  for  compliance,  a  permit  program  and  assurances 
regarding  enforcement  of  the  program.  If  EPA  disapproves 
of  the  plan,  it  must  piqrare  a  federal  implementation  plan 
(FIP)  for  the  state. 

Section  1 1 1  of  the  CAA.  42  U.S.C  8741 1.  reqiures  EPA 
to  establish  standards  for  perfonrumce  for  new  stationary 
sources.  In  areas  that  have  attained  the  NAA(^s  ("attainment 
areas”),  there  are  so-called  "prevention  of  significam 
deterioration”  (PSD)  provisions,  which  contain  requirements 
concerning  the  protection  of  air  in  those  areas.  Penons  plan¬ 


ning  to  construct  new  sources  or  substantially  modify  existing 
sources  in  those  areas  must  obtain  a  pennit  that  contains 
emissions  limitations  baaed  on  the  use  of  "Best  Available 
Control  Tedmology"  for  that  source. 

Under  Section  1 12  of  the  CAA,  42  U.S.C  87412.  EPA 
is  obliged  to  establish  emissions  standards  fw  certain  hazard¬ 
ous  air  pollutants.  Prior  to  dw  1990  Amendments,  EPA  had 
only  lia^  eight  substances  as  hazardous  air  pollutants  — 
asbestos,  benzene,  beryllium,  coke  *>vrai  emissions,  inorganic 
arsenic,  mercury,  radiomiclides,  and  vinyl  chloride  —  and 
had  set  emissions  standards  for  ordy  six.  Under  the  1990 
Amendments,  however.  EPA  has  been  directed  to  set  in- 
dustry-by-industry  standards  for  189  toxic  air  pollutants 
based  on  "maximum  achievable  control  technology" 
(MACT),  a  technology  level  that  permits  economic  con¬ 
siderations  to  be  taken  into  account,  unlike  die  preamendment 
8112. 

The  1990  Amendments  also  require  that  various  sources 
of  air  pollution  obtain  permits  to  ensure  compliance  with 
CAA  requirements.  Th^  permits  will  be  modeled  on  the 
CWA  permits,  and  the  program  is  designed  to  be  operated  by 
the  states,  as  is  the  CWA  permit  program. 

Enforcement 

Civfl.  CAA  provides  that  in  the  case  of  any  person  who 
is  the  owner  or  operator  of  an  affected  source,  a  major 
emitting  facility  (as  defined)  or  a  major  stationary  source  (as 
defined),  EPA  may  issue  an  administiative  order  or  seek,  in 
a  judicial  proceeding,  a  civil  penalty  of  up  to  $23,000  per  day 
of  violation,  for  the  following: 

1.  A  violation  of  any  requirement  or  prohibition  of  an  ap¬ 
plicable  implementation  plan  or  a  pennit 

2.  A  violation  of  other  lequirement  or  prohibition  set  out  in 
Subchapter  I.  dealing  widi  air  quality  and  emissions 
limitations  (including,  among  odan  things,  new  source 
perfnmance  staixlards,  recordkeeping,  inspections,  moni¬ 
toring,  and  entry;  stack  heights,  public  notification,  and 
solid  waste  combustion);  prevention  of  significant 
deteriontion  of  air  quality;  visibility  protection;  and  re- 
quirements  for  all  nonattainment  areas;  Section  7603  of 
Subchapier  lH,  dealing  with  willful  violation  or  failure  or 
refusal  to  comply  with  emergency  ordos;  Subchapter  FV, 
dealing  with  noise  pollution  and  acid  rain;  Subchapter  V 
dealing  with  permitt,  or  Subchapter  VI,  dealing  with 
stratospheric  ozone  protection. 

3.  Attempting  to  construct  or  modify  a  major  stationary 
source  in  an  area  in  which  the  Administrator  determines 
that  there  is  a  prohibition  against  such  activity. 

Criminad.  CAA  provides  that  any  person  who  knowing¬ 
ly  violates  any  of  the  above  requirements  is  subject  to  a  fine, 
or  by  imprisonment  not  to  exceed  3  years,  or  both.  If  the 
person  has  been  previously  convicted,  the  maximum  fine  and 
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period  of  inqirisonment  may  be  doubled. 

Any  pemo  who  knowingly  1)  makes  false  material 
statements;  2)  fuls  to  tepoit;  or  3)  falsifies  or  tampen  with 
sny  monitoring  device  is  subject  to  a  fine,  or  imprisonment 
not  to  exceed  2  ]reais,  or  both.  If  the  ^^erson  has  been  pre¬ 
viously  convicted,  die  maximum  fine  ^  term  of  imprison¬ 
ment  may  be  doubled. 

Any  person  who  negligently  releases  a  listed  hazardous 
substance  into  the  air  and  places  another  person  in  imminent 
danger  of  death  or  serious  bodily  injuiy  is  subject  to  a  fine,  or 
imprisonment  not  to  exceed  I  year,  or  both.  If  the  person  has 
been  previously  convicted  for  a  similar  crime,  the  maximum 
fine  and  punishment  may  be  doubled. 

Any  person  who  knowingly  releases  a  listed  hazardous 
substance  into  the  air  and  places  ar  .itier  person  in  imminent 
danger  of  death  or  serious  bodily  injury  shall,  upon  convic¬ 
tion,  be  punished  by  a  fine  and  imprisonment  of  not  more  than 
IS  years,  or  both.  An  organization  shall  be  subject  to  a  fine 
no:  to  exceed  $ 1 ,000,000  per  violation.  If  the  person  has  been 
previously  convicted  under  this  section,  the  maximum  fine 
and  punishment  may  be  doubled. 

Definition  of  "Qaerator"  and  "Person" 
in  the  Clean  Air  Ad 

Forpuiposes  of  civil  and  criminal  liability  under  the  1990 
Qean  Air  Act  Amendments,  Congress  set  out,  in  some  detail, 
exactly  who  it  meant  to  cover,  as  an  operator.  Also,  for 
purposes  of  negligent  releases  of  listed  hazardous  substances 
that  place  odien  in  inuninent  danger  of  death  or  serious 
bodily  injury,  the  term  "person"  is  defined.  Because  Congress 
was  so  specific  and  because  this  nuty  be  the  precursor  of 
things  to  come,  the  provision,  42  U.S.C  §7413^),  is  set  out 
below,  in  some  detail: 

"(h)  Operator.  For  purposes  of  the  provisions  of  this 
section  and  section  120,  the  term  ‘operator,’  as  used  in 
such  provisions,  shall  include  any  person  who  is  senior 
management  personnel  or  a  corporate  officer.  Except 
in  the  case  of  knowing  and  willful  violations,  such  term 
shall  not  include  any  person  who  is  a  stationary  en¬ 
gineer  or  technician  responsible  for  the  operation, 
maintenance,  repair,  or  monitoring  of  equipment  and 
fKilities  and  wlw  often  has  supervisory  arid  training 
duties  but  adio  is  not  senior  managemertt  persoiuiel  or 
a  corporate  officer.  Except  in  the  case  of  knowing  and 
willful  violations,  for  purposes  of  subsection  (cX4)  of 
this  section,  the  te.m  ‘a  person’  shall  not  include  an 
employee  who  is  carrying  out  his  normal  activities  and 
who  is  not  a  part  of  senior  management  personnel  or  a 
corporate  officer.  Except  in  the  case  <d  knowing  and 
willfiil  violations,  tor  purposes  of  paragraphs  (1),  (2), 

(3),  and  (S)  of  subsection  (c)  of  this  section  the  term 'a 
penon’ shall  not  include  an  employee  sriio  is  carrying 
out  his  normal  activities  and  rriio  is  acting  under  Ciders 


ftom  die  employer." 

Tlw  CompralMiwiv*  EnvironniMital  Rasponso, 
Compaiwation  and  Liability  Act 

Ovennew 

The  Comprehensive  Environmental  Response,  Compen¬ 
sation  arxl  Liability  Aa  (CERCLA),  or  tire  Superfund  is 
Congress’  attempt  to  deal  with  the  nation’s  abandoned  and 
iructive  waste  sites.  In  the  Act,  as  origirully  passed  in  1980, 
Congress  directed  that  the  EPA  establish  a  list  of  the  400 
worst  abandoned  waste  sites  and  to  add  additional  sites  to  diat 
list,  as  information  about  their  hazards  became  available.  At 
die  present  time,  about  1200  of  the  approximately  30,000 
ider^ed  abandoned  waste  sites  have  been  placed  on  this 
so-called  National  Priorities  List  (NPL). 

In  CERCLA,  Congress  established  a  federally  financed 
clesniqi  fund  and  authorized  use  of  that  fund  (the  so^alled 
Super^nd)  to  pay  the  cleanup  costs  of  NPL  sites,  if  necessary. 
However,  the  law  is  clear  that,  whether  a  site  is  on  the  NFL 
or  not,  whenever  possible,  the  parties  liable  for  the  con¬ 
tamination  are  to  perform  the  cleanup  themselves  or,  in  the 
alternative,  pay  the  bill.^ 

Section  107  ofCERCLA,  42  U.S.CS  9607,  provides  that 
when  a  release  or  threatened  release  of  hazardous  substances 
(as  defined)  occurs,  resulting  in  the  incuneiKe  of  cleanup 
costs,  the  state  or  federal  govemmern  (depending  on  which 
has  been  designated  the  "lead"  agency)  can  seek  reimburse¬ 
ment  from  a  variety  of  potentially  responsible  parties  (FRPs). 
They  include:  1)  the  owner  or  operator  ofthe  vessel  or  facility 
fiom  which  the  release  occurred  or  may  occur,  2)  any  person 
who,  at  the  time  of  disposal  of  any  hazardous  substance 
owned  or  operated  tiie  facility  at  which  the  hazardous  sub¬ 
stance  was  disposed;  3)  any  person  who  arranged  for  disposal 
or  treatment  of  a  hazardous  substance  at  the  facility;  and  4) 
any  person  who  accepted  the  hazardous  substances  for 
transport  to  the  disposal  or  neatment  facility.  Section  106  of 
CERCLA,  42  U.S.C  $9606,  also  provides  for  the  federal 
government  to  seek  injunctive  telieL  or  to  force  cleanup  by 
the  parties  themselves.  This  enforced  cleanup  may  be  ac¬ 
complished  in  one  of  two  ways:  1)  by  an  administrative  order 
to  compel  the  PRPs  to  perform  the  cleamip  themselves  or  2) 
1^  a  suit  in  federal  court  to  compel  clearntp.  CERCLA  also, 
in  Section  107(aXc),  42  U.S.C  S9707(aXc),  establishes  the 
ri^  of  natural  resources  trustees  to  sue  PRPs  for  damages  to 
natural  resources. 

CERCLA  also  provides  that  it  is  illegal  not  to  report  the 
disposal  of  a  hazardous  substance  in  excess  of  the  "reportable 
quantity"  estaUuhed  for  that  substance. 
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Enforcement 

As  has  been  noCed,  with  respect  to  civil  liability, 
CERCLA,  in  $107, 42  U.S.C  $9607,  provides  for  the  pay¬ 
ment  of  response  costs  (including  removal  and  remediation) 
by  the  parties  responsible  for  die  contamination,  and  for 
damages  for  injury  to,  destruction  of,  or  loss  of  natural 
resources,  so  long  as  those  costs  are  consistent  with  the 
National  Contingency  Plan.  With  respect  to  the  reporting 
requirements,  CERCLA  provides  that  any  person  in  charge 
of  a  vessel  or  facility  at  which  a  release,  in  excess  of  the 
reportable  quantity,  occurs,  and  who  knows  of  that  release,  is 
required  to  report  the  release  immediately  to  the  National 
Response  Center.  Anyone  who  does  not  do  that  is  subject  to 
an  administrative  or  a  judicial  penalty  of  up  to  $23,000  per 
day  of  violation;  second  and  subsequent  violations  subjects 
the  violatortoapenalty  of  uptoS75,(X)0perday.  Destruction 
of  required  records,  violations  of  financial  responsibility  re¬ 
quirements,  and  violation  of  administrative  orders,  consent 
decrees,  and  settlement  agreements  are  subject  to  the  same 
penalties. 

Interference  with  any  effort  by  the  government  to  gain 
access  to  property  or  gadier  information  about  the  property 
may  result  in  a  penalty  of  $23,000  per  day  of  noncompliance. 
Interference  with  or  refusal  to  comply  with  removal  or 
remedial  actions  can  result  in  the  imposition  of  damages  of 
up  to  three  times  die  costs  incurred  by  the  Superfund. 

On  the  criminal  side,  CERCLA  provides  that  any  person 
in  charge  of  a  vessel  or  facility  at  which  a  release,  in  excess 
of  the  reportable  quantity,  occurs  faces  a  fine  assessed  in 
accordance  with  Ude  1 8  of  the  U.S.  Code  and/or  up  to  3  years 
in  prison  (3  years  for  a  second  offense)  for  failure  to  report 
the  release  immediately.  Destruction  of  required  records  car¬ 
ries  the  same  penalty.^ 

Th«  Emergency  Planning  and  Community 
Right*To4(now  Act 

The  Emergency  Plaruiing  and  Community  Right-to* 
Know  Act  (EPCRA),  or  Title  III  of  the  Superfi^  Amend¬ 
ments  and  Reauthorization  Act  (SARA)  of  1986, 1)  creates 
state  and  local  mechanisms  for  the  dissemination  of  informa¬ 
tion  about  hazardous  chemicals  in  workplaces  and  2)  man¬ 
dates  planning  for  what  to  do  in  the  event  such  chemicals  are 
releasMl  into  the  environment 

There  are  four  essential  requirements  of  EPCRA,  as 
follows:  1)  emergency  planning;  2)  emergency  release 
notification;  3)  community  right-to-know  reporting  require- 
menii;  and  4)  toxic  chemical  release  reporting  (emissioru 
inventory). 
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Emergertcy  Planning 

Under  Section  301  of  EPCRA,  33  U.S.C  $11001,  the 
Governor  of  each  state  was  to  appoint  a  State  Emergency 
Response  Commission  (SERQ  which,  in  turn,  was  to  appoint 
Local  Emergency  Plaiming  Committees  (LEPCs).  The  major 
duty  of  each  LQ*C  was  to  develop  an  emergency  response 
plan  for  its  planning  district  That  plan  was  to  identify  each 
fittUity  within  the  district  subject  to  the  requirements  of 
Subtitle  I  of  the  Act;  identify  transportation  routes  for  ex¬ 
tremely  hazardous  substances  (as  defined);  describe  emer¬ 
gency  response  procedures;  designate  a  community  coordi¬ 
nator  and  facility  coordinators,  to  make  decisions  necessary 
to  implement  the  plan;  and  describe  methods  for  determining 
the  occurrence  of  a  release  and  the  probable  affected  areas 
and  outline  evacuation  plans.  Th^  SERC  was  to  review  those 
local  plans  and  establish  procedures  for  receiving  and 
processing  public  requests  for  information. 

In  Section  302  of  EPCRA,  33  U.S.C  $11002,  Congress 
directed  the  Administrator  of  the  EPA  to  publish  a  list  of 
’’extremely  hazardous  substances"  (EHSs)  and  establish  a 
threshold  planning  quantity  for  each  substance.  EPA  has 
currently  designated  about  366  EHSs.  As  a  rule,  a  facility  that 
produces,  uses,  or  stores  any  of  these  substances  in  quantities 
greater  than  the  threshold  planning  quantity  must  notify  the 
SERC  or  LEPC  within  60  days  that  it  is  subject  to  the  require¬ 
ments  of  the  Act 

Emergency  Release  Notification 

When  a  release  of  an  EHS  occurs,  in  excess  of  the 
reportable  quantity  designated  for  that  substance,  the  SERC 
or  LEPC  must  be  notified. 

Community  Right-to-Know  Requirements 

Section  311  of  EPCRA,  33  U.S.C.  $1 1021.  provides  that 
facilities  (Standard  Industrial  Qassification  [SIC]  Codes  1- 
89)  which  have  hazardous  chemicals  present  at  the  facility 
must  obtain  or  develop  a  Material  Safety  Data  Sheet  (MSDS ) 
for  each  such  chemical.  Those  MSDSs.  or  a  list  of  chemicals 
for  which  MSDSs  are  required,  must  be  submitted  to  SERCs 
and  LEPCs,  if  the  facility  has  more  than  a  threshold  quantity 
(established  by  EPA). 

Section  312  of  EPCRA,  33  U.S.C  $1 1022,  requires  the 
submission  of  chemical  inventory  forms  to  SERCs,  LEPCs, 
and  local  fire  departments,  if  the  facility,  at  any  time  during 
the  preceding  calendar  year,  had  more  than  a  defined 
threshold  quantity  of  substances  for  which  they  were  required 
to  maintain  MSDSs. 

Tlie  reporting  requirements  under  $312  are  two-tiered. 
Tier  I  information  is  submitted  annually  on  die  quantities  and 
general  location  of  various  categories  of  chemicals.  Tier  n 
reporting,  which  may  be  required  by  a  state  or  by  local 
citizens,  is  more  specific.  It  requires  individual  chemical 
names,  manner  of  storage,  and  location  of  the  chemical  in  the 
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teility. 

Toxic  Chemical  Release  Reporting 

Section  313  of  EPCRA,  33  U^.C  $1 1023.  requiies  that 
EPA  establish  an  inventoiy  of  toxk  chemicals  requiring  the 
repotting  of  routine  releases,  as  opposed  to  emergency 
releases.  There  are  about  329  chemicals  on  that  list  This 
report  is  required  annually  and  is  imposed  only  on  facilities 
in  SIC  Coda  20-39  (manufacturing)  with  ten  or  more  full¬ 
time  enq)loyees  and  who  manufacture,  proce  »,  import,  or  use 
any  of  chemicals  in  amounts  greater  than  the  threshold 
quantity  estaUishedby  EPA. 

Enforcement 

Section  32S  of  EPCRA,  33  U.S.C  $11043.  provides  for 
administrative  proceedings  and  civil  and  crim^  actions. 
State  and  local  governments  are  authorized  to  bring  actions 
against  an  owner  or  operator  of  a  facility  for  1)  failure  to 
notify  under  $302.  2)  failure  to  provide  information  under 
$303, 3)  failure  to  submit  MSDS  information  as  required  by 
$311,  and  4)  failure  to  submit  Tier  I  information  required 
under  $312. 

There  is  a  citizen  suit  provision  as  well,  and  that  provi¬ 
sion  permits  any  person  (including  states  and  localities)  to  file 
suit  against  an  owner  or  operator  of  a  facility  for  failure  to 
submit  1)  foUow-up  reports,  under  $304;  2)  MSDS  submis¬ 
sions  under  $311;  3)  Tier  I  information  required  under  $312; 
and  4)  toxic  chemical  release  forms  requii^  under  $313. 

Individual  Uataity 

A  number  of  courts  have  imposed  liability ,  both  civil  and 
criminal,  on  individuals  for  violations  of  environmental  laws. 
Almost  all  courts  have  emphasized  that  these  cases  are  fact- 
and  statute-specific.  However,  in  the  recent  past,  a  number  of 
courts  have  not  really  engaged  in  the  thorough  type  of 
analysis  which,  in  our  view,  is  necessary  in  order  to  re^  the 
conclusion  that  individual  liability  is  warranted. 

CMlUataity 

Most  of  the  high  visibility  cases  that  have  inqiosed 
personal  civil  liability  have  involved  efforts  to  recover 
cleanup  costs,  for  fairly  egregious  envirorunental  contamina¬ 
tion,  from  individuals  who  ran  closely  held  corporations 
which  are  now  insolvenL 

Courts  have  been  willing  to  impose  this  liability  based 
primarily  on  two  factors: 

1.  Hw  very  broad  statutory  language  of  such  statutes  as 
RCRA  and  CERCLA,  which  provide  that  individuala  may 
be  liable  for  a  wide  variety  of  violationa. 

2.  The  veiy  strong  prtiicy.  in  those  statutes,  that  those  who 
created  the  pollution  should  pay  to  clean  it  iqx 


Many  couitt  that  have  imposed  liability  (particularly 
cleanup  costs)  upon  individuals  under  the  environmental  laws 
have  done  so  primarily  on  the  grounds  that  tiie  liable  official 
actually  had  personal  involvement  in  tiie  commission  of  die 
violation.  This  approach  represents  the  simple  qipiication  of 
the  long-settled  doctrine  tiiat  tort  liability  extends  to  in¬ 
dividuals  in  an  organization  who  actually  participated  in 
wrongful  conduct  that  resulted  in  damages. 

Some  courts  have  demonstrated  a  willingness  to  impose 
liability,  under  diese  environmental  laws,  on  "responsible 
corporate  officials”  who,  while  not  directly  participating  in 
waste  transportation,  storage,  treatment,  or  disposal,  had 
overall  responsibility  for  the  facility  at  whidi  the  activities 
occurred,  fo  some  cases,  courts  have  imposed  liability  upon 
individuals  who  were  in  charge  of  waste  handling,  storage,  or 
disposal  practices.  However,  even  in  those  cases,  a  showing 
of  ftequem  involvement  and  personal  control  has  been  re¬ 
quired. 

One  of  die  first  cases  that  imposed  civil  liability  on 
individuals,  under  the  specific  terms  of  an  environmental  law, 
was  United  SteUes  v.  Northeastern  Pharmaceutical  and 
Chemical  Co.,  379  F.  Supp.  823  (NJ).  Mo.  1984).  afTd  in 
part,  rev’d  in  part,  810  F.2d  726  (8th  Cir.  1986),  cert,  denied 
484  U.S.  848  (1987).  In  that  case,  two  corporate  executives 
were  held  liable  under  both  RCIRA  and  C^CLA. 

The  RCRA  count  was  brought  under  Section  7003, 
which  imposes  lialtility  on  "any  person  .  . .  who  has  con¬ 
tributed  or  who  is  contributing  to  .  .  .  handling,  storage, 
treatment,  transportation  or  disposal”  of  hazardous  waste  that 
may  pose  an  imminent  and  substantial  endangermem  to 
health  or  the  environment  Under  the  circumstances  of  that 
case,  two  corporate  officere  were  held  personally  liable  be¬ 
cause  one  actually  arranged  the  waste  transportation  and 
disposal  and  the  other  had  ultimate  authority  for  Northeastern 
Pharmaceutical’s  operations  and  any  decisions  regarding  that 
disposal  Both  were  deemed  to  have  "contributed  to”  the 
waste  disposal  that  created  the  "imminent  and  substantial 
endangermem."  810  F.2d  at  743. 

The  court  also  found  one  of  those  corporate  officers 
liable  for  cleanup  costs  under  $107(aX3)  of  CERCLA.  That 
provision  provides  for  strict  liability,  for  specified  costs  of 
certain  releases  at  sites  coveted  by  the  Supetfirnd  Act  That 
liability  extends  to  "any  person  who,  by  contract  agreement 
or  otherwise,  arranged  for  disposal  or  tteaimem  of  hazardous 
substancea  owned  or  possessed  by  such  person — "As  was 
the  case  widi  the  language  of  $7003  of  RCRA.  the  court  read 

’’Coom  have  loog  held  UniGQipaiaB  eucwivca  OB  be  meted,  tor  civil 
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otewve  cwpue  tianiielUiei.  B>  ThtedleciiiniiitneeiinimllyeByteem 
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this  language  (and  congiessional  intent  to  make  dnse  who 
created  the  pollution  pay  for  its  cleanup)  tnoadly,  to  hold  the 
official  lial^  It  held  that  liability  was  not  (Mvadve,  by 
virtue  of  the  official’s  position  in  the  corporation,  but  simply 
because  he  had  personally  "arranged  for"  the  transportation 
and  disposal  of  the  hazardous  materials. 

Yet  another  theory  of  liability  which  has  been  invoked 
to  establish  personal  liability  is  that  the  individual  was  an 
"operator."  in  statutes  which  have  held  that  liability  extended 
to  "ownos  and  operators."^  One  of  the  &st  cases  to  itt^xMe 
liability  on  diis  damry  is  New  York  v.  Shore  Realty  Corp.,  739 
F.2d  1032  (2d  Gr.  1983),  a  CERCLA  case.  In  that  case,  die 
court  held  that  the  individual  was  "in  charge  of  the  operation 
of  the  facility  in  question,  and  as  such  is  an  ’operator’  within 
the  meaning  of  CERCLA."  739  F.2d  at  1032. 

In  making  these  sweeping  statements,  the  court  was 
backed  by  many  facts  demonstrating  that  particular  iixlivid* 
ual’s  culpability.  'Duu  individual  had  incorporated  Shore 
Realty  solely  for  the  purpose  of  purchasing  the  property  on 
which  the  hazardous  waste  was  stored.  He  made,  directed, 
and  controlled  all  corporate  decisions.  Before  purchasing  the 
site,  he  was  personally  aware  that  the  hazardous  waste  was 
being  stored  —  ille^y  —  at  the  site,  and  that  Shore’s 
environmental  consultant  had  reported  on  the  "sorry  state"  of 
the  facility.  Furthermore,  after  becoming  aware  of  the  en¬ 
vironmental  problems.  Shore  sought  a  waiver  of  environmen¬ 
tal  liability  from  the  state,  which  was  denied.  Rnally,  the 
court  found,  "Shore  did  nothing  about  the  hundreds  of 
thousands  of  gallons  of  hazardous  waste  standing  in  the 
deteriorating  tanks.  In  addition,  although  a  growing  number 
of  drums  were  leaking  hazardous  substances.  Shore  essential¬ 
ly  ignored  the  problem . . . ."  Thus,  the  court  had  "easy"  facts 
on  which  to  base  its  finding  of  personal  liability. 

In  another  CERCLA  decision,  a  court  corKluded  that 
prior  case  law  established  that  ”[e]tnployees  of  a  corporation 
can  be  held  personally  liable  under  C^CLA  for  activities 
over  which  they  had  control  and  supervision."  (Gting  North¬ 
eastern  Pharmaceutical  and  Shore  Realty.)  The  court  also 
summarized  the  factors  that  it  believed  h^  been  considered 
in  determining  whether  liability  should  be  imposed  on  in¬ 
dividuals,  as  operators.  Those  factors  iiKluded: 

1.  Whedier  the  person  had  the  capacity  to  discover,  in  a 
timely  fuhion,  the  release  or  threat  of  release  of  hazardous 
substances. 

2.  Whether  the  person  had  the  power  to  direct  the 
mechanisms  causing  the  release. 

3.  Whether  the  person  or  corporation  had  the  capacity  to 
prevem  and  abate  danuges. 
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United  States  v.  Carolina  Trmrformer  Co^  20  ELR  20933 
(EJ>J4.C  1989). 

Similarly,  another  court,  noted  that  "[ilmposing  liability 
on  a  corporate  official  is  a  serious  matter,  and  because 
CERCLA  provides  no  explicit  way  to  distinguish,  among 
corporate  actors,**  the  courts  should  reqxmd  with  proper 
staiidatds."  Hie  court  then  went  on  to  indicate  that  it  would 
look  at  evidence  of  an  individual’s  ability  to  control,  among 
other  things,  waste  handling  procedures;  the  individual’s 
position  in  the  company  and  percentage  of  stock  owned; 
evidence  of  responsibility  for  waste  disposal  practices,  in¬ 
cluding  actions  and  inaction;  and  efforts  to  prevent  unlawful 
hazardous  waste  disposaL  Thus,  here,  the  focus  is  "whether 
die  corpmate  official  could  have  prevented  (or  significantly 
abated)  the  hazardous  waste  discharge  at  issue."  Kelley  v. 
ARCO  Industries  Corp.,  T23  F.  Supp.  1214  (W.D.  Mich. 
1989).  Although  some  of  the  cases  demonstrate  the  court’s 
willingness  to  pursue  a  "responsible  corporate  official,"  the 
rule,  even  in  th^  cases,  clearly  requires  that  frequent,  hands- 
on  contact  is  necessary. 

In  addition,  some  tribunals  have  been  hostile  to  the 
"reqionsible  corporate  official”  concept.  For  example,  in 
Riverside  Market  Development  Corp.  v.  International  Build¬ 
ing  Products,  Inc.,  931  F.2d  327  (3th  Cir.  1991),  the  court 
said  only  that  "CERG-A  prevcius  individuals  from  hiding 
behind  the  corporate  shield  when,  as  "operators,”  they  them¬ 
selves  actually  participate  in  the  wrongful  conduct  prohibited 
by  the  Act."  In  this  case,  the  court  held  that  the  plaindffi  (in 
a  private  cost-recovery  action)  had  not  come  forward  with 
any  evidence  that  showed  the  board  chairman  and  83%  stock¬ 
holder  "personally  participated  in  any  conduct  which  violated 
CERCLA.”  He  spent  very  little  time  at  the  plant  operations, 
except  to  attend  meetings  and  review  financial  statements: 
and  there  was  no  evideiKe  he  had  the  opportunity  to  direct  or 
personally  participate  in  the  improper  disposal  of  (the  hazard¬ 
ous  waste). 

The  concept  of  liability  for  an  "owner  or  operator"  of  a 
facility  is  one  that  is  also  present  in  RCRA.  A  recent  decision 
imposing  individual  operator  liability  for  violation  of  RCRA 
requirennents  is  United  States  v.  Conservation  Chemical 
Company  cflU.,  733  F.  Supp.  1213  (N.D.  Ind.  1989).  In  that 
case,  the  court  held  that  four  elements  must  be  proved  in  order 
for  liability  to  attach  under  S3(X)8(a)  of  RCRA,  42  U.S.C 
16928(a): 

1.  The  defendant  is  a  "person,"  as  that  term  is  defined  in 
{1004(13)  of  RCRA. 

2.  The  defendant  is  an  "operator"  of  the  facility. 
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3.  The  ftcility  is  a  hazardous  waste  treatment,  stmage,  or 

disposal  facility  subject  to  RCRA. 

4.  The  defendant  failed  to  comply  with  RQtArequiremaits 

qiplicable  to  operators  of  the  facility. 

The  court  indicated  that  the  individual  defendant  was  clearly 
a  "person"  as  defined  in  the  statute,  and  it  also  held  that  the 
defendant  could  be  liable  as  an  operator.' 

Although  the  court  did  not  really  distinguish  between  the 
ciitBfia  it  considered  sufficient  to  hold  die  individual  defen¬ 
dant  liable  as  an  actively  involved  corporate  official  and  as 
an  oprntor.  it  indicated  that  this  individual  could  be  held 
penonally  liable  under  both  constnicts  when  it  was  shown 
diat  the  individual  1)  was  president,  chaiiman  of  the  board, 
treasurer,  and  principal  stockholder,  2)  designed  the  treat- 
mem  processes  at  the  facility;  3)  visited  the  facility  half  to 
two-thirds  of  the  working  days  each  mondi,  until  he  moved 
away;  4)  called  nearly  every  day,  after  he  had  moved,  to 
discuss  leaks,  spills,  and  other  aspects  of  the  facility’s  opera¬ 
tion  and  production;  and  5)  was  responsible  for  environmen¬ 
tal  compliance.  The  court  did  note  that  the  individual  would 
not  be  liable  as  an  actively  involved  corporate  official  for 
isolated  occurrences  done  without  his  knowledge  and  con¬ 
trary  to  company  policy.  However,  clearly  that  had  not  hap¬ 
pened  here. 

Other  tribunals,  however,  have  been  quick  to  poim  out 
that,  abaem  overwhelming  control,  individual  liability  should 
not  attach,  for  violations  of  regulatory  requirements,  under 
the  environmental  laws.  A  very  recem  case  before  an  EPA 
judicial  officer  involved  a  claim  that  a  corporatian,  and  its 
secretary-treasurer,  as  an  operator,  were  both  civilly  liable 
for  failure  to  perform  the  necessary  steps,  under  40  CPJL 
S26S,  to  close  an  interim  status  sutftce  impoundmeitt.  In  the 
Matter  of  Southern  Timber  Products,  Inc.,  DiBfA  Southern 
Pine  Wood  Preserving  Co.  and  Brax  Batson,  1990  RCRA 
LEXIS  22  (USEPA 1990). 

The  judicial  officer  first  rejected  the  idea  that  the  in¬ 
dividual  defendant  had,  in  some  way.  stepped  out  of  his 
corporate  role  and  conducted  himself  in  su^  a  way  as  to 
permit  the  innposition  of  UabMity  by  "piercing  the  corporate 
veiL”  He  noted  that  the  secretary-treasurer  had  not  acted  in 
such  a  way  to  make  the  corporation  his  alter-ego;  the  corpora¬ 
tion  was  never  undercapitalized;  and  die  corporate  assets 
were  never  treated  as  this  individual’s  assets  (le,,  he  never 
added  to  or  withdrew  capital  at  will).  In  sum,  sufficiem 
attention  was  paid  to  maintaining  the  separate  identity  of  the 
corporation  to  make  it  a  bona  fide  corporate  entity  and  not 
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sinqily  a  facade  to  shield  an  individual  business  operation. 

The  judicial  officer  also  held  that  there  was  no  indkatioo 
that  the  individual  in  this  case  was  die  "operator"  of  the 
facility  in  question.  The  regulations  stated  that  the  definition 
of  "operator"  was  the  "person  responsible  for  the  overall 
operation  of  the  facility."  The  indivklual  in  this  case  did  play 
a  very  significant  role  in  die  decisions  regarding  the  facility’s 
closure.  However,  the  evidence  also  showed  that  the  facility ’s 
plam  managers  were  completely  in  charge  of  the  plant  opera¬ 
tion;  the  Board  of  Directs  had  the  audiority  to  approve  or 
disapprove  capital  experalituies;  and  the  presidem  had  ul¬ 
timate  decision-makiiig  authority.  In  other  words,  aldiough 
the  individual  may  have  been  the  Board’s  liaison  to  die 
facillQr.  and  he  had  some  authority  to  engage  in  independent 
decision-making,  he  did  not  have  sole  reqionsibility  for  the 
overall  operation  of  the  facility.  Rather,  given  the  joim 
authority  and  responsibility  exercised  by  the  Board,  the  presi¬ 
dent,  this  individual,  and  the  plant  managers,  the  only  clear 
conclusion  to  be  drawn  was  that  the  facility  operator  was  the 
corporation  itself. 

The  judicial  officer  said: 

"Absent  circumstances  that  justify  a  piercing  of  the 
corporate  veil,  the  Agency  may  not  reach  beyond  a 
corporate  operator  to  impose  liability  for  violations  of 
Past  2fiS  upon  a  corporate  officer.  Corporate  operators 
of  RGRA  facilities  necessarily  rely  upon  individuals  or 
groups,  often  corporate  officers,  to  direct  their  ac¬ 
tivities,  including  activities  that  might  lead  to  or  con- 
stinite  a  RCRA  violation. 

"Such  reliance,  however,  does  not  justify  disregard 
of  the  corporate  form  and  imposition  of  personal 
liability.  If  decision-making  authority  provided  a  suffi¬ 
cient  basis  for  imposing  liability,  any  corporate  officer 
or  shardwider  who  makes  a  decision  or  directs  an 
activity  that  is  ultimately  deemed  to  be  a  RCRA  viola¬ 
tion  would  be  personally  liable  for  the  costs  associated 
with  achieving  compliance,  and  for  civil  penalties  of  up 
to  $25,000  per  violation  per  day.  Given  the  strict 
liability  and  substantial  poialties  diat  attend  RCRA 
violations,  as  well  as  die  sometimes  confusing  nature 
of  the  RCRA  regulatory  scheme,  I  am  loath  to  impose 
such  sweeping  liabiliQr  upon  a  corporate  officer  absent 
mofe  compelling  evidence  diat  the  officer  is  the  owner 
or  operator  of  the  fKili^  as  defined  in  the  rules." 

The  judicial  officer  also  held  that  negligent  conduct  in  pursuit 
of  the  cleanup,  even  if  proven,  could  not,  alone,  be  the  basis 
for  a  finding  of  individual  liability. 

However,  in  a  recent  case,  a  court,  in  extending  liability 
to  an  individual,  found  that  there  could  be  more  than  one 
"operator"  of  a  landfill.  In  that  case,  the  individual  was  listed 
on  cenain  certificates  required  for  regulatory  compliance  as 
the  operator;  he  was  one  of  the  named  lessees  of  the  property 
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on  which  the  landfill  was  located,  and  he  remained  personally 
liable  on  the  lease;  he  exercised  control  ovct  the  landfill, 
along  with  its  named  manager  he  and  the  named  manager 
jointly  decided  who  to  hire;  he  personally  decided  whether 
improvements  would  be  carried  out;  and  he  purchased  equip¬ 
ment  In  addition,  he  was  die  named  insured  on  the  landfill’s 
insurance  policy,  and  he  personally  guaranteed  an  open- 
ended  loan  to  the  landfill  company.  Uniud  States  V.  Environ¬ 
mental  Waste  Control,  Inc.,  710  F.  Supp.  1172  (N.D.  Ind. 
1989). 

Criminsd  Liability 

When  criminal  activity  is  alleged,  even  in  the  corporate 
context,  individuals  are  generally  charged  with  the  crime.  The 
main  issue  in  this  area  of  the  law  is  how  much  evidence  of 
knowledge  is  required,  in  order  to  sustain  a  convictioa  As  is 
the  case  on  the  civil  side,  repmted  cases  in  diis  area  have 
generally  involved  egregious  conduct  and  have,  on  die  whole, 
focused  on  employees  of  small*  to-medium-sized  companies. 

All  of  the  environmental  statutes  have  provisions  that 
make  certain  types  of  conduct  into  crimirud  offenses.  These 
provisions  encompass  negligent,  knowing,  and  strict  liability 
offenses.  Selected  provisions  from  CWA.  RCRA,  and 
CERCLA  which  illustrate  each  of  these  three  types  of  offen¬ 
ses  will  be  discussed. 

Negligent  Violation  of  the  Clean  Water  Act 

The  CWA  authorizes  prosecutions  for,  inter  alia,  the 
negligent  violation  of  any  of  its  provisions  and/or  conditions 
in  a  NPDES  permit,  and  it  provides  that  those  convicted  "shall 
be  punished  by  a  fine  of  not  less  than  $2,300  nor  more  than 
$23,000 per  day  of  violation,  or  by  imprisonment  for  not  more 
than  1  year,  or  both.” 

In  United  States  v.  Hoflin,  880 F.2d  1 033  (9th  Cir.  1989). 
the  defendant  was  convicted  of  aiding  and  abetting  in  the 
negligent  violation  of  the  NPDES  permit  pursuant  to  33 
U.S.C  S1319(cKl).  The  Defendant  1^  been  the  director  of 
Public  Works  for  a  municipality  Jiat  owned  and  operated  a 
testaurartt.  He  directed  that  certain  waste  be  burned  instead 
of  complying  with  its  disposal  under  the  terms  of  the  permiL 
In  United  States  v.  FrezsoBros.  Inc.,  602  F.2d  1 123  (3td  Or. 
1979),  the  defendants  were  convicted  of  negligem  violation 
of  33  U.S.C  S1319(c).  The  defendants  were  the  priiKipal 
corporate  officen  in  a  family  business  and  nuuntained  inade¬ 
quate  holding  tanks  for  their  waste  water  which,  whenever  it 
rained,  would  overflow  and  discharge  into  a  stream. 

In  the  recem  case  of  United  States  v.  BoUb,  929  F.2d  33 
(IstGr.  1991),  the  U.S.  Court  of  Appeals  forthe  First  Circuit 
upheld  a  criminal  conviction  of  an  employee  at  an  electroplat¬ 
ing  company  for  CW A  violations.  The  evidence  showed  that 
industrial  wastewater,  containing  metals  in  exceu  of  the 
pretreatmem  limits,  had  been  discharged  to  the  city  sewer. 
The  evidence  further  showed  that  the  employee,  a  chenrical 


engineering  manager,  was  responsible  for  controlling  pollu¬ 
tion  from  the  plant;  diat  he  condoned  or  ordered  a  by-pass  of 
the  pollution  control  equipment;  and  that  he  could  luve  shut 
down  the  plant,  rather  than  ordering  the  by-pass.  It  was  also 
shown  that  by-passing  the  pretreatment  system  was  a  very 
fiequem  occurrence  at  this  plam  and  that  the  defendant  had 
misled  city  representatives  about  the  discharges.  The  court  of 
appeals  fiuther  held  that  the  defendant  was  not  entitled  to  a 
jury  instruction  that  business  or  economic  necessity 
prevented  him  from  shutting  down  the  plant 

Knowing  Violation  of  RCRA 

RCRA  contains  many  provisions  that  involve  knowing 
violations.  However,  courts  are  split  over  how  much 
knowledge  is  required.  The  Third  arid  Ninth  Grcuits  have 
difierent  knowledge  requirements  for  a  criminal  violation  of 
42  U.S.C.  S6928(dK2XA).  Pursuant  to  42  U.S.C.  §6928(d). 
it  is  unlawful  for  any  person  to:  knowingly  treat  store,  or 
dispose  of  any  hazardous  waste . . .  without  a  permit - 

In UnitedStatesv. Johnson &Towers,Inc.,l^\  F.2d662 
(3rd  Cir.  1984),  the  court  identified  a  four-part  knowledge 
requirement:  that  the  defendant  must  know  that  he  treated, 
stored,  or  disposed  of  a  waste;  that  he  knew  the  waste  was 
hazardous;  that  he  knew  a  permit  was  required;  and  that  he 
knew  no  permit  had  been  obtained.  More  specifically,  the 
Court  sta^  "we  conclude  that ...  all  the  elements  of  that 
offense  must  be  shown  to  have  been  knowing."  741  F.2d  at 
664-663. 

In  United  States  v.  Hoflin,  880  F.2d  1033  (1989),  the 
Ninth  Circuit  declined  to  follow  the  four-part  knowledge 
requirement  in  United  States  v.  Johnson  A  Towers.  On  ap- 
ped,  Hoflin  had  argued  that  he  did  not  know  of  the  permit 
requirement.  In  other  words,  Hoflin  maintained  that 
knowledge  of  the  lack  of  a  permit  was  an  essential  element 
of  the  crime.  In  rejecting  this  argument,  the  Ninth  Circuit 
reasoned  that  knowledge  of  the  absence  of  a  permit  is  not  an 
element  of  the  offense  and  that  the  government  need  only 
prove  that  the  defendant  knowingly  disposed  of  the  waste  and 
that  the  waste  was  hazardous. 

In  the  case  of  United  States  v.  Neville  Chemical  Co.,  20 
ELR  20197  (9th  Cir.  1989),^  a  corporation  appealed  a  con¬ 
viction  for  knowingly  disposing  of  hazardous  wastes,  in 
violation  of  {3008  of  RCRA.  42  U.S.C  S6928(dX2).  That 
crime  is  established  by  a  showing  that  1)  any  person;  2) 
knowingly  treated,  stored,  or  disposed  of  any  hazardous 
waste;  3a)  without  a  permit;  or  3b)  in  knowing  violation  of 
any  material  condition  or  requiremem  of  such  permit  The 
appeals  court  rejected  the  contention  that  this  language  re- 
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quires  a  fiiiding  of  "specific  intent"  to  violate  the  statute  (i.e.. 
duu  the  court  must  find  the  defendant  knew  it  had  disposed 
of  wastes,  knew  they  were  hazardous  and  knew  there  was  no 
peimit).  The  court  held  that  the  trial  court  need  not  find  that 
the  defendant  knew  the  wastes  were  disposed  of  and  that  they 
were  hazardous.  Neither  proof  of  knowledge  of  the  law  nor 
proof  of  intent  were  required. 

In  Umted  States  v.  Dee,  912  F.2d  741  (4th  Cir.  1990), 
cert,  denied.  Ill  S.Cl  1307(1991),  three  civilian  enqtloyees 
of  die  federal  government,  who  were  in  charge  of  certain 
facilities  at  the  Aberdeen  Proving  Grounds  in  Maryland,  were 
convicted  of  several  knowing  violations  of  RCRA  including 
unpermitted  treatment,  storage,  and  disposal  of  hazardous 
wastes.  The  defendants  appealed  die  convictions,  arguing  that 
they  did  not  "knowingly"  commit  the  crimes  with  which  they 
were  charged.*^  The  defendants  argued  that  they  did  not  know 
violation  of  RCRA  was  a  crime  or  that  regulations  existed 
identifying  the  chemical  wastes  as  RCRA  hazardous  wastes. 
The  tqipeals  court  rejected  that  argumem  on  the  basis  of  the 
old  chesmut,  "ignorance  of  the  law  is  no  excuse."  The  court 
went  on  to  quote  fiom  a  Supreme  Court  case  involving  a 
conviction  for  transportation  of  some  hazardous  materials  in 
violation  of  Interstate  Commerce  Commission  regulations: 
"Where,  as  here  .  .  .  dangerous  or  deleterious  devices  or 
products  or  obnoxious  waste  materials  are  involved,  the  prob> 
ability  of  regulation  is  so  great  that  anyone  who  is  aware  dua 
he  is  in  possession  of  them  or  dealing  with  diem  must  be 
presumed  to  be  aware  of  die  regulatioiL"912  F.2d  at  74S, 
quoting  United  States  v.  International  Minerals  and  Chemi- 
cal  Carp.,  402  U.S.  S58  at  363  (1971). 

The  appeals  court  did  agree  that  it  was  necessary  for  die 
government  to  prove  the  defendants  knew  the  chemicals  were 
hazardous,  or  "had  the  potential  to  harm  othen  or  the  environ¬ 
ment"  However,  the  court  noted  that  there  was  overwhelm¬ 
ing  evidence  the  defendants  were  aware  they  were  dealing 
with  hazardous  chemkais  and  that  they  were  "wastes,"  as  that 
terms  is  used  in  RCRA.  [See  also  United  States  v.  Sellers,  32 
ERC 1881  (3diCir.  1991),  hoItUng  it  was  not  "plain  error"  for 
a  court  not  to  give  an  instruction  that  the  defendant  knew  the 
waste  was  hazardous,  when  the  defendant  clearly  knew  he 
was  disposing  of  paint  solvent,  which  was  extremely  flam¬ 
mable.] 

One (rfdie defendants  in  UnitedStatesy.Deealaoergatd 
he  was  not  a  person  who  "directed  the  stomge  or  disposal 
operations."Theappealscourtrejected  that  argument,  finding 
that  he  was  in  char^  of  operations  at  the  facility  where  the 
chemicals  were  illegally  stored  and  that  he  had  origirudly 
ordered  the  placement  of  those  chemicals  in  the  nonpermitted 
teility. 


*Th*  (Maadmli  alM  ariaed  Ital  they  wen  ftaii  poncaUaa 
becans  of  tkeir  MH  n  fBdenI  employwe.  The  appeale  ooon  Rjected  ttal 
■grenn.  aoiiag  Sni  aovanigB  iairaniriiy  don  in  inowniai  My  fadenl 
eeiplo3we  Sron  neopendoe  of  tfw  tedenl  crioiiiiel  lewe. 


As  in  the  civil  area,  efforts  have  been  made  to  establish 
criminal  liability  on  die  basis  diat  a  person  is  a  "responsible 
corporate  officiaL"  However,  these  efforts  have  generally 
been  unsuccessful  most  environmental  statutes  re¬ 

quire  at  least  knowledge  of  some  elements  of  the  crime  before 
a  defendant  can  be  criminally  liable. 

A  recent  case  which  discusses  the  knowledge  require¬ 
ment  is  United  States  v.  McDonald  and  Watson  Waste  Oil 
Co.,  1991  WL  74173  (1st  Cir.  1991).  In  that  case,  a  corpora¬ 
tion  and  several  individuals  were  convicted  of  illegally  treat¬ 
ing.  storing,  transporting,  and  disposing  of  hazardous  wastes 
without  a  permit;  of  transporting  and  causing  the  transport  of 
hazardous  waste  to  an  urqiermitted  facility,  all  under  RCRA; 
of  failing  to  report  the  release  of  a  hazardous  su’/stance,  under 
CERCLA;  and  of  making  false  statements  and  mail  fiaud, 
both  under  18  U.S.  Code. 

All  three  individuals  appealed  their  convictions.  The 
appeals  court  upheld  several  of  the  convictions  witii  very  little 
discussion.  Rejecting  arguments  that  the  defendants  did  not 
know  the  wastes  were  hazardous,  it  held  that  knowledge  of 
the  hazardous  nature  of  the  substances  could  be  inferred  from 
certain  evidence  which  was  offered  at  the  trial.  That  evidence 
included  discussions  with  and  correspondence  to  the  defen¬ 
dants  and  the  presence  of  their  signatures  on  certain  docu¬ 
ments.  The  court  held  that  the  jury  could  also  infer,  from  the 
evidence,  knowledge  of  the  permit  status  of  the  facility  or,  at 
least,  that  the  defendant  had  willfully  failed  to  determine  the 
status  of  die  hazardous  material  under  the  permit 

However,  the  court  did  reverse  the  conviction  of  one 
defendant  because  the  govenunent  had  not  proved  he  actually 
knew  the  shipments  of  hazardous  waste  were  being  made.  In 
so  doing,  the  court  rejected  the  argument  that  the  defendant 
could  be  convicted  under  environmental  laws  which  require 
knowledge  [emphasis  added],  solely  on  the  basis  that  he  was 
a  "responsible  corporate  officer." 

The  court  indicated  that  under  some  public  welfare 
statutes  (e.g..  Food  and  Drug  Act)  conviction  of  a  person  may 
be  based  solely  on  a  finding  that  the  person  had  "authority 
with  respect  to  the  conditions  that  formed  the  basis  of  the 
alleged  violations."  Umted  States  v.  Dotterweich,  320  U.S. 
277  (1943)  (upholding  a  misdemeanor  conviction  for  the 
shipment  of  misbranded  or  adulterated  food  and  drugs,  even 
though  the  official  had  no  knowledge  of  the  shipment).  The 
court  noted,  however,  that  crimes  of  this  type  are  strict 
liability  crimes.  A  person  is  guilty  under  such  a  statute  if  he 
had,  by  reason  of  his  position  in  the  corporation,  respon¬ 
sibility  and  authority  either  to  prevent,  in  the  first  instance,  or 
promptly  to  correct,  the  violation  complained  of,  and  that  he 
failed  to  do  so.  See  UnUed  States  v.  Park,  421  U.S.  638 
(1973). 

However,  if  a  statute  imposes  a  knowledge  requirement, 
knowledge  must  be  proved.  Said  die  McDonald  and  Watson 
court: 


McEIvmh 


ICnowledge  may  be  infened  fi«n  ciicumstantial 
evidence,  including  the  position  and  lesponsibility  of 
defendants  such  as  coiporate  officers,  as  well  as  infor¬ 
mation  provided  to  those  defendants  on  prior  oc¬ 
casions.  Further,  willful  blindness  to  the  Crots 
constituting  the  offense  may  be  sufficient  to  establish 
knowledge.  However,  die  district  court  erred  by  in- 
stnicting  the  juiy  that  proof  that  a  defendant  was  a 
leqwnsible  corporate  officer,  as  described,  would  suf¬ 
fice  to  conclusively  establish  the  element  of  knowledge 
expressly  required  under  S3008(dXl)  [of  RCRA]. 
Simply  because  a  responsible  corporate  officer 
believed  that,  on  a  prior  occasion,  illegal  transportation 
occurred,  he  did  not  necessarily  possess  knowledge  of 
the  violation  charged.  In  acrime  having  knowledge  as 
an  express  element,  a  mere  showing  of  official  respon¬ 
sibility  is  rux  an  adequate  substitute  for  direct  or  cir¬ 
cumstantial  proof  of  l^wledge." 

See  also  United  States  v.  Whiu,  1991  WL  22878  (EJ). 
Wash.  1991).  Court  held  that  the  govenunertt  was  required  to 
prove  not  only  knowing  treatment,  storage,  or  disposal  of 
hazardous  waste  under  RCRA,  but  it  must  also  prove  that  the 
defendam  knew  the  waste  was  hazardous. 

It  should  be  noted  diat  some  criminal  provisions  of  some 
of  the  envirorunental  statutes  do  not  require  proof  of 
knowledge.  For  example,  under  the  Qean  Air  Act,  negligent 
endangerment  of  othen  by  virtue  of  a  release  to  the  atmos¬ 
phere  is  a  crime. 

Strict  Liability  Offanaa  Undar  CERCLA 

42  U.S.C  S9603(bX3),  in  relevant  part  states: 

". . .  any  person  [in  charge  of  a  vessel  or  a  facility]  from 
which  a  hazardous  substance  is  released,  other  than  a 
federally  permitted  release,  in  a  quantity  equal  to  or 
greater  thiui  that  determined  pursuant  to  section  9602 
of  this  title,  who  fails  to  no^  inunediately  the  ap¬ 
propriate  agency  of  the  United  States  Govermnent  as 
soon  as  he  has  knowledge  of  such  release  or  who 
submits  in  such  a  notification  any  infomution  which 
he  knows  to  be  fidse  or  misleading  shall,  upon  convic¬ 
tion,  be  fined  in  accordance  with  the  applicable 
provisions  of  Title  18  or  imprisoned  for  not  more  than 
3  years  (or  not  more  than  S  years  in  the  case  of  a  secoiKl 
or  subsequent  conviction),  or  both.  Notificatiaa 
received  pursuant  to  this  paragraph  or  information  ob¬ 
tained  by  the  exploitation  of  such  notification  shall  not 
be  used  against  any  such  person  in  any  criminal  case, 
except  a  prosecution  for  peijury  or  for  giving  a  false 

Section  9603(b)  imposes  strict  liability  upon  the  person 
in  dUBge  of  a  facility  for  the  failure  to  report  a  tekaae  of 
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hazardous  substance  as  soon  as  die  person  knows  it  In 
UniUd  States  v.  Carr.  880  F.2d  13S0, 1SS4  (2d  Or.  1989),  a 
supervisor  of  maintenance  at  a  rifle  range  was  convicted 
under  Section  103  of  CERCLA,  42  U.S.C  Section  9603,  for 
fiiling  to  report  the  improper  disposal  of  waste  cans  of  paint 
(an  impropCT  release)  to  the  appropriate  authorities.  The  court 
held  duu  the  meaning  of  "person  in  charge"  under  bodi 
Section  103  of  CERCLA  and  Section  311  of  the  CWA,  33 

U. S.C  $1321,  encompassed  "supervisory  personnel  who 
have  lesponsibility  for  the  fecility."  The  bases  for  the  court’s 
decision  were  the  legislative  hist^  of  CER(XA  and  discus¬ 
sions  contained  in  the  Congiessimal  Record. 

Penalties 

Penalties  that  are  imposed  for  environmental  crimes  can 
also  be  quite  severe.  In  the  case  of  United  States  v.  Bogas, 
920  F.2d  363  (6th  Or.  1990),  a  court  of  appeals  considered 
the  issue  of  whether  a  trial  court  had  improperly  applied  the 
federal  sentencing  guidelines.  In  that  case,  an  airport  manager 
had  authorized  the  unpeimitted  burial  of  some  hazardous 
waste  on  airport  property.  The  action  was  soon  discovered, 
and  prompt  remediation  occurred.  However,  the  court  indi¬ 
cated  that  the  cost  of  die  cleanup  necessitated  a  higher  offense 
level  than  had  been  assigned.  See  also  United  States  v. 
Sellers,  32  ERC  1881  (5th  Cir.  1991)  (41.month  prison 
sentence  upheld,  based  on  an  increase  in  sentencing  level  for 
"a  discharge . . .  resulting  in  actual  environmental  contamina¬ 
tion,"  even  if  the  release  was  just  for  one  day);  United  States 

V.  Wells  Metal  Finishing.  Inc.,  32  ERC  1505  (1st  Cir.  1991) 
(upholding  a  15-tnonth  prison  sentence  and  a  year  of  super- 
vi^  release,  condition^  in  the  payment  of  a  $60,000  fine, 
for  discharging  excessive  amounts  of  zinc  and  cyanide  into  a 
municipal  water  system,  for  2  years,  in  violation  of  the  Qean 
Water  Act). 

immunity  from  Liabiiity  for  injuries 

Traditionally,  government  employees  have  been  spared 
liability  for  injuries  occurring  as  a  result  of  activities  per¬ 
formed  during  the  course  of  their  employmenL  The  Federal 
T(ut  Qaims  Act  has  been  consider^  the  traditional,  and 
exclusive,  legal  mechanism  by  which  persons,  injured  by 
negligem  or  wrongful  acts  of  federal  employees  committed 
within  the  scope  of  their  employment,  have  been  compen¬ 
sated  for  their  injuries. 

In  1988,  a  Supreme  Court  decision  changed  this  tradi¬ 
tion.  In  Westfall  v.  Erwin,  484  U.S.  292  (1988),  the  Supreme 
Court  restricted  the  corrunon  law  tort  immunity  avail^le  to 
federal  employees.  In  Westfall,  officials  of  a  federal  storage 
depot  were  charged  by  a  federal  civilian  warehouseman  with 
iK^gence  in  "proximately  causing,  permitting,  or  allowing 
(the  warehouseman]  to  inhale  [injurious  levels  of] . . .  soda 
ash."  id.  at  294.  The  warehouseman  claimed  that  he  had 
suffered  chemical  bums  to  his  eyes  and  throat  due  to  his 
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inhalation  of  soda  ash  dust  that  spilled  fitom  a  bag  sent  to  his 
warehouse.  The  federal  district  couit  held  that  the  federal 
officials  were  absolutely  immune  from  liability  for  the  tort 
actions  committed  while  they  were  acting  "within  the  scope 
of  their  employment”  The  U.S.  Court  of  Appeals  for  the 
Eleventh  Circuit  reversed  the  decision,  however.  The 
Eleventh  Circuit  held  that  a  federal  employee  enjoyed  im¬ 
munity  only  where  the  challenged  action  fell  within  the  sct^ 
of  his  or  her  employment  and  the  act  was  discretionary  in 
nature,  id.  at  29S  [emphasis  added].  The  Supreme  Court 
affirmed  the  circuit  court  refusing  to  adopt  a  broad  view  of 
the  scope  of  immunity  allowed  to  federal  employees,  id.  at 
297. 

In  response  to  the  Supreme  Court’s  decision.  Congress 


enacted  the  Federal  Employees  Liability  Reform  and  Tort 
Compensation  Act  of  1988.  This  Act  specifically  prohibits  a 
suit  against  an  individual  federal  employee,  acting  within  the 
scope  of  employment  at  the  time  of  the  incident  whether  the 
Act  was  discretionary  or  not  Congress  enacted  this  Act  with 
the  purpose  of  protecting  federal  enqrloyees  fiom  personal 
liability  for  common  law  torts  committed  within  the  scope  of 
their  employment  while  continuing  to  provide  persons  in¬ 
jured  by  the  common  law  torts  of  federal  employees  with  an 
appropriate  remedy  against  die  United  States.  H.R.  43S8 
lOOlh  Cong.,  2d  Sess.  $2  (1988). 

Agairt  it  should  be  reiterated  that  Federal  Eii^iloyees  are 
not  immune  from  criminal  prosecution/Uability.  See  United 
States  V.  Dee,  supra. 
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A  Historical  Review  of  the  Need  for  Military 
Toxicology  and  the  U.S.  Army’s  Response 
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"N  man  could  leam  from  history,  what  lessons  it  might 
taachusr 

Samuel  Taylor  CoMdge 
(1772-1834) 

Is  there  a  discipline  called  "military  toxicology*  that  is 
different  enough  from  the  standard  practioa  of  toxicology  to 
deserve  a  distinctiva  label,  or  is  milH^  toxicology  merely  the 
usual  practice  of  toxicology  on  a  military  installation  or  on 
behalf  of  the  military?  To  artswer  this  ques^,  I  will  historically 
review  the  requirements  for  toxicological  assessments  that 
occurred  in  the  United  States  military  services  and  a  few 
foreign  military  services.  How  the  U.S.  Army  fulfilled  its  need 
for  toxiookigical  stixfies  through  the  establishment  of  several 
laboratories  is  discussed,  foilowed  by  some  thoughts  for  the 
future. 

Introduction 
The  Early  Years 

Considering  a  traditional  definition  of  toxicology,  that  is, 
"the  ait  and  basic  science  of  poisons,"  and  reflecting  on  how 
this  discipline  may  have  related  to  earlier  atmies,  one  wUl 
almost  certainly  conjure  up  ideas  of  assassination  attempts 
and  poisonings  of  troops.^*'  Examples  of  both  occured  in  the 
United  States.  One  was  probably  accidental,  the  other  inten¬ 
tional. 

In  the  late  1670s,  Nathaniel  Bacon  led  a  rebellion  against 
the  Colonial  Governor  in  Jamestown.  A  thousand  English 
troops  were  sent  to  suppress  the  rebels;  however,  by  the  time 
they  airived.  Bacon  had  died  of  a  fever  and  the  Governor  was 
gatlieiing  the  other  insurgents.  The  troops  made  camp,  stood 
by  while  trials  and  executions  were  carried  out,  and  foraged 
for  food.  One  group  returned  with  the  foliage  Cram  a  leafy 
plant,  which  they  cooked  as  a  meu  of  greens.  What  followed 
was  described  u  "a  very  pleasant  Comedy"  performed  by 
"natural  fools."  Recorded  observations  includ^  "snearing," 
"pawing,"  "kissing,"  and  "nakedness"  that  lasted  1 1  days  and 
passed  without  any  of  those  affected  remembering  whitt  had 
occurred.  They  had  consumed  the  leaves  of  the  thorn  apple, 
Z>aiiirajtr(imoniuin,whichcontainsbelladanaalkaloids.  Be- 
cniae  of  this  incident,  the  thorn  apple  became  known  as  the 


Jamestown  weed,  a  name  later  comqrted  to  jimson  weed.^^ 
The  second  incident  was  directed  at  George  WashingtoTL 
Thomas  Hickey,  a  member  of  Washington’s  guard  aixl  a  Tory 
syrrqrathizer,  plotted  with  die  daughter  of  a  New  York  City 
tavern  keepCT  to  add  an  unknown  poison  to  Washington’s 
food.  The  woman  apparendy  had  a  change  of  heart  and 
whispered  a  warning  to  her  guest  while  serving  him  peas.  The 
peas  were  not  eaten.  Hickey  later  attempted  to  form  a  secret 
Tory  corps  within  the  rebel  army  and  participated  in  planning 
for  the  burning  of  New  York  City  and  the  assassination  of 
General  Washington  by  stabbing.  Thomas  Hickey  was 
hanged  on  28  June  1776,  distinguishing  himself  as  the  first 
American  soldier  to  be  executed.^^^ 

The  art  of  toxicology  also  was  used  very  early  in  history 
to  direcdy  improve  the  warrior's  offensive  capability  in  com¬ 
bat.  Arrows  with  poisoned  tips  probably  appeared  on  the 
battlefield  before  ISOO  B.C,  since  the  Ebm  papyrus  of 
approximately  the  same  period  contains  a  recipe  for  aconite, 
an  arrow  poison  used  by  the  ancient  Qiinese.^^ 

The  three  episodes  above  are  interesting  but  provide  little 
insight  into  why  the  modem  military  developed  a  need  for 
toxicological  expertise.  Certainly,  the  potent  contamina¬ 
tion  of  food  rations  with  toxins  remains  an  important  military 
concern,  and  the  introduction  of  toxic  chemicals  onto  the 
battlefield  in  the  form  of  poisoned  arrows  might  be  cm- 
sidered  a  harbinger  of  the  chemical  warfare  of  World  War  I. 
However,  the  massive  military  machines  with  incredible 
firepower  that  began  appearing  in  the  latter  nineteenth  cen¬ 
tury.  and  the  di^iatching  of  U.S.  forces  to  the  far  comers  of 
the  world,  to  the  depths  of  the  ocean,  and  beyond  the  earth  ’  s 
gravity  introduced  questions  about  toxic  hazards  that  chal¬ 
lenged  the  most  expert  toxicologists. 

To  fully  appreciate  the  importance  of  the  milestones 
discussed  below,  one  must  expand  the  traditional  definition 
of  toxicology  to  include  the  contributions  made  to  hazard 
klentification  and  communication,  standards  development, 
and  the  formulation  of  policy  regarding  public  health,  the 
workplace,  and  the  general  environment  Several  significant 
events  are  summarized  under  the  categories  of  chemical 
warfere,  conventional  muiutions,  toxicity  of  materials,  and 
milhxry  etKlosed  spaces. 
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Chsmicai  Warfars 

Early  wairion  and  militaiy  minds  of  the  American  CivO 
War  pondered  the  use  of  highly  eilective  chemical  weapons 
on  the  battlefield;  however,  the  world’s  chemical  expertise 
was  undeveloped  and  could  not  siqtport  the  concept  Addi¬ 
tionally,  the  attitude  that  chemical  warfare  was  repugruuit 
probably  existed  in  antiquity.  A  Latin  quotation,  and  perhiqM 
the  first  prohibition  against  the  military  uic  of  ch^cals, 
reads:  "War  shall  be  waged  with  weapons,  not  poisons."  This 
situation  began  changing  in  the  decades  pteMding  World 
War  L  The  European  chemical  industry  experienced  extraor- 
dituuy  growth,  with  Germany  emerging  as  a  leader.  Basic 
work  on  dichloroethylsulfide,  which  we  would  later  recog¬ 
nize  as  "mustard,”  was  conducted  by  the  English  chemist 
Guthrie  as  early  as  1860.  He  described  its  blistering  effect  on 
skin  when  aiq>lied  as  a  liquid.  The  Swedish  chemist  Scheele 
produced  chlorine,  arsenic,  and  hydrogen  cyanide.  By  the 
turn  of  the  century,  these  chemicals  were  available  in  large 
quantities  and  military  iqjpiications  were  being  considered 
seriously.  Concern  thru  these  substances  might  be  used  in 
anger  prompted  nearly  all  the  European  states  to  adopt  in 
1907  a  prohibition  against  the  use  of  poisons  in  warfare.^^ 

Restraint  in  the  use  of  chemical  weapons  lasted  only'8 
years.  Germany  entered  World  War  I  with  plans  that  called 
for  only  a  few  months  of  intensive  warfue.  The  winter  of 
1914-1915  brought  about  serious  depletion  of  ammunition 
stocks  and  Germany  looked  to  ways  of  mobilizing  national 
industries  behind  its  military  forces.  The  French  had  used  tear 
gas  as  early  as  August  1914  and  the  German  chemical  in¬ 
dustry  was  very  powerfiiL  The  choice  seemed  obvious  to 
everybody  except  the  AUies,  who  seemed  to  think  it  would 
never  happen.  On  April  22,  1915,  at  Ypres,  Belgium,  the 
Gemuns  lauiKhed  their  first  gas  attack  using  chlorine.  At¬ 
tacks  with  phosgene,  mustard,  and  a  number  of  other  agents 
(iiKluding  the  pulmonary  irritam  chloropicrin  and  the 
vesicants  chlorarsine  and  bromoanine)  foUowed.^^^ 

The  Allied  military  physicians  did  not  know  how  to  treat 
gas  casualties.  The  17.S.  observed  the  events  occurring  in 
Europe  but  did  not  seriously  investigate  the  physiology, 
pathology,  and  therapy  ofchemical  warfare  injury  until  1917, 
die  year  we  entered  the  hostilities.  When  studies  were  finally 
initiated,  these  were  directed  by  the  medical  and  the  phar¬ 
macology  and  toxicology  sections  of  the  U.S.  Army  Chemical 
Warfare  Service,  in  collaboration  with  the  U.S.  Bureau  of 
Mines;  Yale  University;  American  University;  Western 
Reserve  Univenity;  and  the  Royal  Engineers’  Experimental 
Station,  Porton,  England.  Considerable  work  was  done  that 
contributed  to  the  development  of  toxicological  methodol¬ 
ogy.  For  example,  various  exposure  chambers  were  designed 
and  built,  the  strengths  and  weaknesses  of  differem  animal 
models  were  studied,  and  considerable  emphasis  was  placed 
on  findins  ways  to  evaluate  pulmoriaty  and  ocular 
toxicity.^^’®' 


In  World  War  L  almost  100  thousand  people  were  killed 
and  more  than  1  million  casualties  were  inflicted  because  of 
the  use  of  poison  gas.  The  1925  Geneva  Protocol  banned  the 
use  of  poison  gas  but  permitted  its  development,  production, 
and  storage.  Unforbuntely,  the  use  of  chemi^  warfare 
agents  has  continued.  Italy  used  it  against  Ethiopia  (1935- 
1936);  Japan  used  it  against  the  Chinese  (1939-1944);  and 
Iraq  used  it  against  Iran  and  against  its  own  Kurdish  popula¬ 
tion  (1983-1988).  In  1969,  President  Nixon  unilaterally 
halted  the  production  of  chennical  weapoiu  in  the  U.S.  This 
action  resulted  in  large  stockpiles  of  chemical  warfare  agents 
that  would  be  left  in  place,  to  deteriorate  and  to  eventually 
create  a  major  waste  disposal  problem.  The  1986  Defense 
Authorization  Act  requir^  the  destruction  (demilitarization) 
of  the  aging  munitions  and  agents.  In  keeping  widi  the  U.S. 
position  that  a  chemical  weapons  capability  deters  an  enemy 
poisonous  gas  attack,  the  19^  Act  also  ^iproved  production 
of  a  new  kind  of  chemical  weapon,  the  binary  system.  In  die 
biiuuy  system,  two  components  of  toxic  but  sublethal  charac¬ 
ter  are  manufactured  and  stored  separately .  When  the  weapon 
(e.g.,  an  artillery  shell)  is  fused,  separate  containers  of  each 
component  are  installed.  On  firing,  the  separate  containers 
rupture  and  the  components  mix  to  reach  lethality 

Both  the  planned  destruction  of  old  chemical  warfare 
munidoos  and  the  production  of  the  binary  system  created 
tiuuiy  new  questions  and  issues,  and  they  echoed  many  old 
questions  and  issues  about  chemical  agem  toxicity.  From  the 
first  use  of  chemical  warfue  agents  in  World  War  I  to  the 
present,  the  U.S.  Army  has  never  stopped  laboratory  work  on 
chemical  agents,  although  the  emphasis  has  changed  over 
time.  The  concerns  that  have  fiKled  this  research  have 
resulted  fiom  the  possibility  of  chemical  agent  exposure  with 
armed  conflict;  tenorist  activities;  the  destruction  of  our 
aging  chemical  stockpile;  the  accidental  unearthing  of  old, 
forgotten  burial  sites;  and  the  production  of  the  binary  sys- 
tenu^’  Beginning  with  World  War  L  the  Chemical  Warfare 
Service  had  both  medical  and  research  sections.  This  arran¬ 
gement  continued  until  1979  when  the  Biomedical 
Laboratory  of  the  U.S.  Army  Chemical  Systems  Laboratory, 
Edgewood  Area  of  Aberdeen  Proving  Ground  (APG), 
Maryland,  was  transferred  to  die  U.S.  Army  Surgeon  General, 
thereby  creating  a  sharp  distinction  between  C3iemical  Corps 
research  and  U.S.  Arr^  Medical  Dqrartment  research  into 
antidotes  and  the  defensive  aspects  of  chemical  warfare.  The 

labmatories  that  resulted  were  the  Toxicology  Division 
of  the  U.S.  Army  Chemical  Research,  Development  and 
Engineering  Center  (CRDEQ,  APG,  Maryland,  and  die  U.S. 
Army  Medical  Research  Institute  of  Chemical  Defense  (U.S. 
AMRICD),  which  is  also  at  APG.^^** 

Convwitional  MunMons 

It  was  not  until  the  eleventh  century  AJ).  that  propellants 
and  explosives  u  we  know  them  be^  to  emerge.  Using 
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potassium  nitrate  (saltpeter),  sulfur,  and  charcoal,  the  Chinese 
developed  explosives  dial  sometimes  burned  and  sometimes 
exploded.  Their  early  military  use  of  this  material  probably 
included  experimentation  into  propelling  objects  from  bam¬ 
boo  tubes;  however,the  Arabs  were  given  credit  for  inventing 
the  first  gun  in  1304.^*^^ 

Knowledge  about  the  mixture  of  saltpeter,  sulfur,  and 
charcoal,  or  "black  powder,"  spread  throughout  the  western 
world  between  the  thirteenth  and  seventeenth  centuries.  In  the 
colonies,  powder  making  was  initally  conducted  in  a  primi¬ 
tive  fashion  as  a  small  cottage  industry.  Later,  powder  mills 
were  constructed,  but  there  were  few  innovations  in  the 
powder  industry  until  the  mid-nineteenth  century,  when  a 
new  military  explosive  called  guncotton  appeared  in 
America.  This  nitrated  cotton,  invented  in  Switzerland,  was 
far  ahead  of  its  time  and  was  rejected  by  American  manufac¬ 
turers  because  it  was  too  costly  to  produce  and  its  strong  gases 
ruined  gun  barrels.  Later,  in  1866,  Alhed  B.  Nobel  perfected 
a  siqterior  explosive  after  experimenting  with  mixtures  of 
nitroglycerin  and  various  materials  including  black  powder, 
charcoal,  brick  dust,  and  wood  dust  He  named  his  new 
explosive  dynamite.  Dynamite  was  primarily  a  commercial 
explosive  because  it  was  extremely  effective  in  breaking  up 
rock  and  ore  and  greatly  increased  production  in  the  mirung, 
excavating,  and  oil  drilling  trades.  Nevertheless,  the  rapidly 
developing  dyruunite  industry  demonstrated  several  features 
that  signaled  major  changes  in  the  manufacture  of  military 
explosives  and  propellants.  These  irKluded  a  relatively  safe 
explosive,  affordable  cost,  and  an  explosive  that  could  be 
modified  to  fit  a  variety  of  different  applications.  As  for  black 
powder,  the  Spanish-American  War  (1898)  was  the  last 
major  conflict  in  which  it  was  used  in  large  quantities.  Black 
powder  continued  to  be  ertqiioyed  for  special  applications, 
e.g.,  in  primers  and  fuses;  however.  World  War  I  (1914- 
1918)  was  fought  with  a  new  generation  of  explosives.^’^^ 

Prior  to  World  War  I,  Americans  had  been  heavily  reliant 
on  the  German  chemical  industry.  The  U.S.  industrial  base 
contained  very  little  expertise  in  the  production  of  many  of 
the  chemicals  needed  in  wartime.  Therefore,  the  U.S.  in¬ 
dustries,  especially  those  dealing  with  coke  by-products,  had 
to  realign  to  prodtm  dyes,  aniline,  and  nitric  acid,  which  was 
critical  to  the  production  of  murutions.  The  leaden  of  these 
industries  expressed  concern  about  preventing  explosions  but 
had  no  interest  in  the  toxicity  of  industrial  chemicals,  par¬ 
ticularly  unfamiliar  ones  like  picric  acid  and  trinitrotoluene 
(TNT).  Dr.  Alice  Hamilton,  the  pioneer  of  American  occupa¬ 
tional  medicine,  inspected  many  munitions  plants  for  the  U.S. 
DqMitment  of  Labm.  She  sotrtetimes  located  the  industrial 
site  "by  the  great  clouds  of  yellow  and  orange  fumes,  nitrous 
gases,  which  in  those  days  of  crude  procedure  rose  to  the  sky 
from  picnc-acid  and  nitrocellulose  plants.  It  was  like  the 
pillar  of  cloud  by  day  that  guided  the  children  of  Israel."  At 
other  times,  "caiuries,"  workers  stained  yellow  with  picric 
acid,  led  her  to  the  planL^’^ 


Both  Hamilton  and  U.S.  Army  sources  documented  the 
morbidity  rnd  mortality  from  occupational  diseases  that  were 
attributed  to  exposures  in  the  U.S.  munitions  industries.  Ex¬ 
posure  to  oxides  of  nitrogen  and  TNT  were  thought  to  account 
for  most  illnesses  and  deaths  due  to  toxicity.  The  Army 
reported  that  in  World  War  I  there  were  230  fatalities 
(j^urrubly  due  to  occupational  diseases)  per  billion  pounds 
of  explosives  manufactured.^*^’**^^ 

Hamilton  considered  "nitrous  fume  poisoning"  to  be  an 
engineering  problem  that  rruuiufacturers  eventually  cor¬ 
rected.  However,  TNT  poisoning  was  a  different  matter. 
Acccording  to  Dr.  Hamilton,  the  English  knew  about  the 
problem  of  skin  absorption  with  TNT  exposure,  and  English 
manufacturers  paid  attention  to  the  need  for  plant  cleanliness 
and  personal  hygiene  in  the  workplace,  to  include  having 
washable  working  clothes  and  showers.  Manufacturers  in  the 
U.S.  did  not  do  these  things.  In  England,  there  was  a  wealth 
of  clinical  information  concerning  TNT  poisoning,  but 
American  physicians  apparently  did  not  know  what  to  look 
for,  were  indifferent,  or  were  secretivc.^*^ 

Alice  Hamilton  attacked  the  explosives  industry  in 
several  ways,  including  1)  causing  the  National  Research 
CoutKil  to  appoint  an  expert  committee  to  act  as  a  consult¬ 
ative  body  atxi  2)  working  to  establish  a  code  to  protect  TNT 
workers.  The  expert  committee  made  it  possible  for  medical 
students  to  visit  TNT  plants  and  to  study  exposures  and 
poisonings.  Additionally,  in  April  1919,  S  months  after  the 
armistice,  a  code  was  published.  Unfortunately,  the  code  was 
voluntary  and  weaker  than  the  British  code.^‘  ^ 

Dr.  Hamilton  was  a  pacifist,  but  she  acknowledged  the 
advancement  of  industrial  hygiene  and  toxicology  in  America 
as  a  result  of  World  War  I:  "The  war  did  have  a  beneficial 
influence  on  industrial  hygiene.  If  it  increased  the  dangers  in 
American  industry,  it  also  aroused  the  interest  of  physicians 
in  industrial  poisons.  And  that  interest  has  never  died  down, 
on  the  contrary  it  has  increased  with  the  increasing  com¬ 
plexity  of  methods  of  manufacture.”^^^^ 

During  World  War  n,  in  the  U.S.  munitions  industry, 
968,0(X)  man-years  of  operations  resulted  in  28  occupational 
disease  fatalities  (22  from  TNT  exposure,  3  from  oxides  of 
nitrogen,  2  from  carbon  tetrachloride,  and  1  from  ethyl  ether). 
These  numbers  equate  to  less  than  three  occupational  disease 
fatalities  per  1(X),(XX)  man-years  of  work  or  five  fatalities  per 
billion  pounds  of  explosives  manufactured,  a  ratio  46  times 
lower  tto  that  observed  for  World  War  L^ 

Oie  significant  reason  for  the  large  difference  in  occupa¬ 
tional  disease  morbidity  and  mortality  between  World  War  I 
atxi  World  War  II  was  the  establishment  of  the  U.S.  Army 
Irxlustrial  Hygiene  Laboratory  at  tire  Johns  Hopkins  Univer¬ 
sity  School  of  Public  Health,  Baltimore,  Marylatxi,  in  1942. 
The  laboratory  coiuisted  of  people  skilled  in  trtedicine, 
chemistry,  toxicology,  industrial  hygiene,  atxi  engineering. 
Their  mission  was  to  assess  occupational  health  hazards  at 
various  irxlustrial  facilities  supporting  the  war  effort  The 
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Isbonaoiy  focused  on  operations  in  munitions  plants,  ar¬ 
senals,  and  depots,  and  the  associated  toxicological  issues 
were  addressed  by  the  militaiy  services,  the  U.S.  Public 
Health  Service,  and  civilian  institutions.  Literature  reviews 
were  done  to  obtain  all  existing  toxicity  data  on  arorrutic 
amino  and  nitro  compounds,  which  included  most  explosives, 
and  extensive  field  and  laboratory  research  smdies  examined 
the  toxicity  of  many  different  types  of  explosives,  including 
TNT,  pentaerythritoltetranitrate  (PETN),  and  RDX  (cyclo- 
nite).  Additio^ly,  the  U.S.  Public  Health  Service  evaluated 
stream  pollution  from  explosives  plants.^*^’^ 

History  has  demonstrated  diat  military  planners  and 
weapons  developers  will  never  cease  in  their  search  for  better 
and  more  powerful  explosives  and  propellants.  However, 
history  has  also  shown  that  human  health  effects  must  be 
determined  early  and  appropriate  steps  taken  to  protect  those 
who  may  etKounter  toxic  exposures.  Toxicological  work  in 
this  area  has  continued  to  be  addressed  by  the  U.S.  Army 
Envirorunental  Hygiene  Agency  (U.S.  AEHA,  formerly  the 
U.S.  Army  Industrial  Hygiene  Laboratory),  APG,  Maryland 
and  the  U.S.  Army  Biomedical  Research  and  Development 
Laboratory  (U.S.  ABRDL).  U.S.  ABRDL  was  established  at 
Edgewood  Arsenal.  Maryland,  in  1972  as  the  U.S.  Army 
Medical  Envirorunental  Engineering  Research  Unit  In  1974, 
it  was  transferred  to  Fort  Detrick,  Maryland,  becoming  the 
Environmental  Protection  Research  Division  of  die  U.S. 
Army  Medical  Bioengineering  Research  and  Development 
Labmatory.  It  was  renamed  U.S.  ABRDL  in  1986.  In  1978, 
toxicological  research  needs  exceeded  the  capabilities  of  U.S. 
ABRDL,  and  toxicology  studies  were  initiated  at  the  Letter- 
man  Army  Institute  of  Research  (LAIR),  Presidio  of  San 
Francisco,  California.  In  1988,  the  toxicological  effort  at 
LAIR  was  discontinued.^*^"^*^ 

Toxicity  of  Matmiais 

The  toxicological  issues  encountered  by  the  military 
services  in  World  War  II  rapidly  expanded  beyond  the  nuuii- 
dons  industry.  This  was  the  result  of  several  factors:  1) 
following  World  War  L  the  U.S.  chemical  and  automotive 
industries  experienced  tremendous  expansion  and  became 
suppliers  of  an  incredibly  long  list  of  new  materials;  2)  the 
expansion  of  American  industry  wu  accompanied  by  an 
awareness  of  the  adverse  health  effects  that  may  result  from 
exposure  to  chemicals;  and  3)  the  U.S.  military  in  World  War 
n  had  more  people  scattered  over  a  wider  geographical  area 
than  in  any  oUict  war  in  history.  Uniformed  people  were 
coining  in  contact  with  chemical  compounds  that  were  in¬ 
tended  to  keep  their  machines  running,  to  protect  their  equip¬ 
ment  from  mildew,  aixl  to  protect  them  from  disease-carrying 
insects  and  pathogenic  agents  such  as  malaria.  To  help  deal 
with  the  coiiqilex  issues  of  product  safety  and  toxicity,  a 
Toxicology  Branch  was  established  in  the  Office  of  the  Army 
Surgeon  General  in  Jamiary  1944.  This  Branch  worked  with 


numerous  laboratories  and  the  U.S.  Public  Health  Service  to 
provide  the  urgently  needed  toxicological  assessments.  Sub¬ 
stances  that  were  evaluated  included  fungicides,  flame  retar¬ 
dants,  fuels,  cosmetics,  plastics,  adhesives,  alloys,  food  stuffs, 
methyl  bromide,  DDT,  and  other  insecticides,  miticides,  and 
repellents  including  aerosols.  Unfortunately,  many  opinions 
on  the  {»esence  or  absence  of  toxic  hazards  were  rendered  on 
die  basis  of  judgement  only  because  the  needed  scientific  data 
were  not  available.  The  toxicological  c^»bility  of  the 
uniformed  services  had  been  overwhelmed.  This  unforrunaie 
and  unacceptable  problem  was  clearly  recorded  in  the  medi¬ 
cal  archives  of  World  War 

Following  World  War  IL  the  U.S.  military  would  retain 
a  global  posture,  tropical  infectious  diseases  would  continue 
to  pose  serious  thre^.  and  the  list  of  new  chemicals  used  in 
vehicles,  equipment  and  clothing,  and  applied  directly  to  the 
skin  would  continue  to  grow  unceasingly.  The  last  45  years 
have  demonstrated  time  and  time  again  that  the  questions  of 
acute  and  chronic  toxicity  associamd  with  the  use  of  these 
chemicals  and  the  materials  which  contain  them  must  not  only 
be  asked  but  also  must  be  addressed  long  bef(»e  there  is 
human  contact  through  production  and  use.  Today,  this  work 
continues  on  a  routine  basis  at  QU3EC,  U.S.  AEHA,  and  U.S. 
ABRDL.  Safeguards  have  been  implemented  that  now  re¬ 
quire  the  review  of  all  new  items  in  the  Army  supply  and 
equipment  systems,  including  toxicological  assessment,  prim 
to  the  time  these  items  are  made  available  to  troops  in  the 

fieid.(13a5J6) 

Military  Enclosed  Spaces 

"Military  enclosed  spaces”  refers  to  the  uniquely  military 
environment  that  is  most  often  found  on  submarines,  in 
armored  gun  turrets,  inside  armored  land  vehicles,  and  on 
military  aircraft  and  spacecraft.  These  distuKtive  milit^ 
environments  are  similar  in  many  respects  but  differem  in 
others.  The  adverse  health  effects  experienced  by  military 
personnel  serving  in  military  eiKlosed  spaces  became  ap¬ 
parent  in  the  World  War  I  era.  These  were  addressed  to  some 
degree  in  World  War  n.  However,  the  unique  exposures  of 
military  enclosed  spaces  did  not  receive  the  emphesis  they 
deserved  until  the  U.S.  went  into  a  period  of  intense  weapons 
modernization  in  the  late  twentieth  century.^^’^"^*^ 

Na^  Contribution 

Even  before  Archimedes  described  the  principles  of  sub¬ 
mersion,  Alexander  the  Great  is  alleged  to  have  used  a  sub¬ 
mersible  vessel  at  the  seige  of  Tyre  in  332  B.C  From  the  tinw 
of  Alexander  to  19(X),  inventors  made  submarines  and  at¬ 
tempted  to  power  them  by  hand,  by  steam,  and  later,  by 
electric  batteries  and  petrol  engines.  One  was  even  deployed 
unsuccessftiUy  by  the  Americans  against  the  British  in  the 
Revolutionary  War.  In  the  American  Qvil  War,  a  Con¬ 
federate  vessel,  the  R  L.  Hunley,  became  the  first  submarine 
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to  sink  a  warship.  This  was  hardly  a  victory  because  the 
Hunley  and  her  crew  also  went  down  in  the  explosion.  The 
toipedos  of  the  Gvil  War  were  attached  to  a  long  qnr  or 
boom  in  front  of  the  submarine.  The  only  possible  chance  for 
success  was  for  the  slow  submarine  to  attack  a  ship  at  anchor 
and  to  hope  for  the  best  in  getting  away  before  an  explosion 
occurred.  By  1900,  several  innovations  were  meiged  to 
develop  the  model  for  the  twentieth  century  submarine. 
These  included  a  strong  metal  hull  to  withstand  great  pres¬ 
sure,  a  self-propelled  torpedo  that  could  be  launched  by  the 
submariiw,  a  gasoline  engine  for  power  on  the  surface,  and 
an  electric  pnqmlsion  system  that  did  not  require  contact  with 
the  atmospheik^^^"^^ 

Initally,  undersea  Taft  had  to  surface  frequently  to 
recharge  the  batteries.  In  the  1930s,  Dutch  naval  experts 
developed  the  snorkel,  which  allowed  the  craft  to  remain 
submerged  for  long  periods.  (One  Gerrrun  U-boat  sttyed 
submerged  for  69  days.)  When  necessary ,  a  fan  pulled  in  fresh 
air  and  the  diesel  motors  were  run  under  the  sea.  The  internal 
environment  of  the  submarine  before  the  nuclear  age  was 
uiqileasant  Submariners  described  foul,  stale  air  that  reeked 
of  diesel  fuel  and  other  unpleasant  odors,  and  mildew  that 
coveted  food,  clothes,  and  bunks.  During  World  War  H,  there 
were  many  rqMrts  of  reduced  effectiveness  in  submarine 
crews  because  of  what  the  Navy  called  "defective 
habitability."  The  following  are  quotes  from  U.S.  Navy 
World  War  n  reports: 

"Battery  compartment  of  torpedo  flooded  during 
attack,  emitting  chlorine  gas  into  the  boat" 

"Lack  of  air  conditiotung  decidedly  had  a  debilitat¬ 
ing  effect  on  crew  and  slowed  their  reactions." 

"Patrol  somewhat  handicapped  by  poisoning  (carb¬ 
on  tetrachloride)  which  affected  majority  of  crew  over 
ten  day  period." 

Carbon  'etrachloride  was  used  as  a  cleatung  spray  for 
electric  motors.  Wheii  the  moton  became  hot,  it  volatilized 
and  produced  phosgene.^^^’^^ 

..le  nuclear  submarine  made  its  debut  in  19SS  and 
brought  with  it  atmospheric  control.  Oxygen  was  extracted 
from  seawater  and  air  scrubben  removed  contaminants,  but 
the  questions  and  problems  of  submarine  air  quality  did  not 
go  away.  In  1988,  after  an  extensive  study  request^  by  the 
U.S.  Navy,  the  Committee  on  Toxicology  of  the  National 
Research  Council  released  a  154-page  report  on  submarine 
air  quality  t^iat  addressed  monitoring  and  health  effects  in 
diven  who  breathed  submarine  air  under  hyperbaric  condi¬ 
tions.  As  we  have  observed  in  the  past,  naval  weapons 
developers  will  continue  to  nsodify  and  to  introduce  new 
materials  into  submarines.  It  would  be  absurd  to  think  that 
submarine  air  quality  will  not  contimie  to  be  a  source  of 
concern  and  questions.^^*^ 

The  naval  organizations  of  the  world  also  developed 
enclosed  spaces  in  their  surface  ships.  Significant  improve- 


ntents  in  surface  vessels  occurred  in  the  mid-nineteenth  cen¬ 
tury  and  many  iiuiovations  appeared  in  the  military  hardware 
of  the  American  Gvil  War.  These  irKluded  iron-clad  ships; 
large,  powerful  tuval  guns;  and  revolving,  armored  gun  tur¬ 
rets.  Improvements  in  surface  war  ships  continued,  and  by 
World  War  I,  combatants  woe  engaging  each  other  in  very 
large,  massively  armored,  and  heavily  armed  battleships  that 
became  known  as  dreadnoughts.  Before  the  start  of  World 
War  L  the  Gemum  Navy  experienced  problems  with  "nitrous 
fumes"  filling  the  confined  space  inside  naval  gun  turrets 
wdien  the  gun  breech  was  opened  for  reloading.  The  gutmers 
were  overcome  by  the  irritant  gas,  and  for  protection,  they 
wore  respirators.  The  gases  causing  the  problem  were  probab¬ 
ly  a  mixture  of  nitric  oxide  (NO)  and  nitrogen  dioxide  (NO2). 
The  protective  masks  that  were  used,  consistent  witii  the 
practice  of  the  day,  probably  contained  soda-lime  and  ac¬ 
tivated  coconut  shell  charcoal.  While  wearing  the  masks,  the 
gutuiers  were  alleged  to  have  developed  methemoglobine¬ 
mia,  with  deaths  occurring.  Evidently,  the  masks  did  not 
remove  NO  and  may  have  actually  increased  the  NO  content 
in  inspired  air  through  the  reduction  of  NO2.  As  a  result, 
begiruiing  in  World  War  I  and  for  a  period  thereafter,  the 
Germans  conducted  creative  laboratmy  studies  U)  differen¬ 
tiate  the  toxic  effects  of  NO  and  NOt.  This  problem  was 
corrected,  at  least  in  the  U.S.  Navy,  with  technology  that 
emerged  in  the  193()s.  The  final  result  was  a  compressed-air 
bote  cleaner  that  evacuated  the  combustion  products  in  the 
large  gun  tubes  before  the  gun  breech  was  opened.  However, 
the  presence  of  NO  atxl  NO2  in  military  vehicles  is  soil  a 
matter  of  serious  concern,  and  the  toxicities  of  these  two  gases 
are  still  compared  and  debated.^^"^® 

Amy  Contribution 

The  tank  is  the  best  example  of  an  Army  enclosed 
military  space.  The  tank  first  appeared  on  the  battlefield  in 
Worid  War  L  primarily  a  product  of  British  ingenuity.^^^^ 
William  Divall,  one  of  the  first  tankers  to  go  into  battle 
described  the  experience  in  a  letter  to  his  sister 

"The  whole  crew  are  at  various  g  ms,  which  break 
forth  in  a  devastating  fire." 

"By  this  time,  the  fumes  from  the  hundreds  of  rounds 
which  we  have  fired,  with  the  heat  from  the  engines  aixl 
the  waste  petrol  and  oil,  have  made  the  air  quite  oppres¬ 
sive  and  uncomfortable  to  breathe  irt  However,  those 
who  go  down  to  the  land  in  tanks  are  accustoirted  to 
many  strange  sensations,  which  would  make  an  ordi¬ 
nary  mortal  shudder."^^^ 

Two  other  itmovations  of  World  War  I,  an  effective, 
rapidly  firing  machine  gun  and  warfare  chemicals  combined 
with  the  tank  to  create  dangerous  environments  filled  with 
carbon  monoxide  (G3).  The  CO  came  from  the  incomplete 
combustion  of  propellant  in  the  machine  gun  sheds.  Ca.'^ual- 
ties  from  CO  occurred  before  and  during  the  war,  causing 


194 


Chemical  Risk  Assessment 


French  militaiy  scientists  to  conduct  field  studies.  Firing  the 
machine  gun  in  a  tank  with  all  hatches  closed  and  the  motor 
stopped  produced  the  highest  levels  of  CO.^^ 

A  commonly  used  practice  for  setting  iq)  machine  gun 
emplacements  on  the  World  War  I  battlefield  created  a  some¬ 
what  different  enclosed  space  that  was  also  extremely  haz¬ 
ardous.  Machine  gunners  in  a  trench,  for  example,  fearing  a 
gas  attack,  would  attempt  to  use  any  material  available  to 
create  an  air-tight  envelope  around  themselves  and  the  breech 
of  their  machine  gun.  What  they  did  was  to  effectively  contain 
the  CO  in  their  breathing  area.  As  a  result  of  the  CO  studies 
conducted  by  the  French  military,  the  practice  of  hermetically 
sealing  a  machine  gun  emplacement  was  forbidden.^ 
World  War  n  brought  bigger,  more  powerful  armored 
fighting  vducles,  attd  the  U.S.  Army  met  this  challenge  by 
establishing  the  Armored  Medical  Research  Laboratory  at 
Fort  Knox,  Kentucky,  to  deal  with  the  complex  issues  of  this 
new  matt-machitw  interface,  including  the  toxicity  of  propel¬ 
lant  combustion  products.^^  ^  Progress  was  made  in 
identifying  the  toxic  hazards  in  World  War  n  armored 
vehicles,  but  after  the  war,  the  Army  Medical  Department 
seemed  to  forget  about  this  research  area.^^^  However,  ques¬ 
tions  about  armored  vehicle  habitability  did  not  go  away; 
instead  they  reached  an  irtcredible  level  of  complexity  in  the 
early  1980s,  as  the  United  States  began  developing  armored 
fighting  vehicles  that  carried  large-bore  guns  and  that  were 
sealed  and  artificially  ventilated  so  that  they  could  operate  on 
a  chemical  battlefield.  Additionally,  these  vehicles  were  to  be 
constructed  in  such  a  way  that  soldiers  inside  a  vehicle  that 
was  hit  by  an  enemy  shell  would  have  the  greatest  chance 
possible  of  surviving.  This  meant  careful  evaluation  of  the 
types  and  quantities  of  potoitial  toxicants  that  can  be  found 
inside  an  armored  fighting  vehicle  which  has  been  penetrated 
by  an  enemy  shell  and  follow-up  of  field  studies  with  ap¬ 
propriate  beiKh  studies.  Considerable  work  has  been  done 
within  the  Army  arxl  under  contract,  itKiuding  studies  of  CO 
and  the  oxides  of  nitrogen.  This  has  been  accomplished  by 
the  Walter  Reed  Army  Institute  of  Research.  Washington, 
DC,  with  certain  aspects  being  addressed  by  the  U.S.ABRDL, 
Fort  Detrick,  Marylartd,  and  the  U.S.AEHA,  APG,  Marylaitd. 
Vehicles,  equipment,  and  soldiers  in  the  recent  Persian  Gulf 

War  benefited  from  these  efforts,  which  are  continu- 
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shielded  the  aviator  from  the  toxic  hazards  of  combustion 
products,  fuels  and  lubricants,  aircraft  clearung  materials,  and 
anti-icing  ^ents.  Nevertheless,  a  whole  host  of  ground  sup¬ 
port  personnel  still  faced  these  hazards;  envitoiunental 
problems.  e.g..  fiiel  spills,  still  occurred;  and  toxicological 
assessments  renuuned  critical  components  of  accidem  inves¬ 
tigations.  In  the  case  of  cargo  or  special  function  aircraft,  the 
cockpit  or  cabin  did  not  always  afford  a  high  degree  of 
protection  from  exposure.  The  best  known  example  of  this  is 
the  exposure  of  Operation  Ranch  Hand  personnel  to  Her¬ 
bicide  Orange  (with  its  dioxin  contaminant)  in  Vietnam.  As 
we  enter  the  era  of  extended  space  flight  and  space  stations, 
the  U.S.  Air  Force  may  write  a  new  chapter  on  etKlosed 
military  spaces,  or  perhaps  they  may  only  add  to  the  saga 
started  by  the  submariners.^  ^ 

The  Futura  of  Military  Toxicology 

I  believe  that  military  toxicology  is  a  distinctly  different 
discipline.  It  plays  a  major  role  in  the  toxicological  assess¬ 
ment  of  health  and  environmental  hazards  associated  with 
substances  that  are  used  primarily  by  the  military  or  that 
present  as  an  unusual  type  of  exposure  as  a  result  of  a  unique 
military  environment 

What  does  the  future  hold  for  military  toxicology?  There 
will  continue  to  be  a  high  level  of  activity  related  to  the 
environment  because  of  public  concern  and  significant  legis¬ 
lation,  and  great  pressure  will  be  brought  to  bear  to  find 
alternatives  to  our  current  animal  models.  Additionally,  there 
will  be  increased  collaboration  and  cooperation  between  the 
military  services  in  conducting  toxicological  assessments. 
However,  for  the  most  part,  military  planners  and  developers 
will  continue  to  develop  new  materials  and  weaptms  to  gain 
the  advantage,  just  as  they  have  done  since  the  beginning  of 
time.  The  problems  and  issues  that  I  have  presented  and  that 
have  kept  us  busy  sirKe  World  War  II  will  continue.^'^'^^'^' 

In  struggling  with  many  of  the  programs  and  problems  I 
have  discussed  and  in  preparing  this  report,  I  found  that 
military  toxicologists  are  generally  not  very  interested  in 
history  nor  do  they  make  a  great  eiwugh  effort  to  preserve 
dieir  work  for  posterity.  Therefore,  I  ask  you  to  take  the  time 
on  a  routine  basis  to  ensure  that  your  work  will  always  be 
accessible  in  established  archives;  it  will  be  needed  again  at 
some  time  in  the  future.  Please  keep  in  mind  the  words  of 
George  Sarttayana,  "Those  who  cannot  remember  the  past  are 
condemned  to  repeat  it" 


Unlike  the  other  services,  the  U.S.  Air  Force  avoided 
serious  problems  very  early  in  the  rapid  development  of  air 
and  space  technology.  In  the  period  between  World  War  I  and 
World  War  n,  military  aviators  were  already  looking  beyond 
the  stratosphere.  However,  the  physical  stresson  arvl  oxygen 
requirementt  of  high-altitude  flight  forced  the  early  develop¬ 
ment  of  the  enclosed  cockpit  or  cabin  with  pressure,  tempera¬ 
ture,  and  oxygen  control  In  most  cases,  this  developinem 
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The  history  of  the  toxicology  programs  of  the  military 
services  is  an  appropriate  consideration  when  addressing  the 
application  of  science.  pcUcy,  and  practice  to  chemical  risk 
assessment  in  the  Department  of  Defense.  Assessment  of  risk 
implies  evaluating  the  probability  of  adverse  effects  caused  by 
a  chemical  —  under  specific  corKfitions  —  as  opposed  to  a 
more  straightfoneard  description  of  the  toxicity  (potential  for 
harm)  of  that  chemical. 

History,  however,  is  much  more  than  a  chronological 
listing  of  dates,  times,  and  places.  Rather,  history  is  a  chronicle 
of  interactions  and  influences  and  is  sensitive  to  interpretation 
in  the  context  of  time.  The  history  of  any  scientific  endeavor 
must,  therefore,  be  interpreted  in  the  context  of  an  often 
in-defined  ar)d  constantly  changing  entity  ’state  of  the  art’ 
The  vary  nature  of  a  scientific  program  and  the  military  fadiity 
that  has  the  mission  of  carrying  out  the  program  cannot  be 
treated  as  a  tale  of  an  inanimate  object,  but  it  must  be 
recognized  as  being  the  product  of  individuals  who  manned 
the  laboratory,  the  goals  to  which  they  aspired,  and  the  con¬ 
ditions  and  constraints  under  which  they  worked. 

Toxicology  ~  Art  or  Sdonco? 

It  has  been  said  that  toxicology  is  the  oldest  of  aits  and 
the  newest  of  sciences.  At  some  time,  however,  a  demarcation 
or  transition  from  one  (the  art)  to  the  other  (the  science) 
occurred  and  a  recognizable  shift  from  mostly  art  to 
predominantly  science  became  evidem.  It  is  usually  not  pos- 
siUe  to  pinpoint  a  precise  dale  and  time  when  such  a  transition 
occun.  In  fret,  that  transition  may  only  be  apparent  when 
examined  some  years  later  and  only  be  visible  through  the 
"retrospectroscope"  (and  with  a  rose-colored  lens,  at  that). 
The  very  real  exponential  growth  of  the  toxicology  profession 
(including  the  advent  of  "instant  toxicology”)  spanning  the 
decades  of  the  1960s  and  1970s  lends  considerable  support 
to  the  notion  that  practitioners  of  toxicology  in  those  yean 
not  only  witnessed  but  contributed  to  the  transition  from  ait 
to  science.  It  was  not  merely  coincidence  or  happenstance 
that  the  concept  of  quantitative  risk  assessment  emerged  at 
about  the  same  time.  The  constantly  and  rapidly  changing 
profession  of  toxicology  as  well  as  the  rqiidity  of  growth 
contributed  to  (or  caused)  the  alternating  precition  and  frz- 


ziness  in  the  definitions  of  "state  of  the  ait."  The  histoiy  of 
the  toxicology  programs  of  the  uniftwmed  services  transcends 
this  time  of  chiuige  in  the  profession  of  toxicology  and  was 
shaped  by  and  helped  sh^  the  entire  profession. 

(Continuing  the  notion  of  a  mix  between  ait  and  scieiKe, 
most  toxicologists  are  not  even  trained  as  toxicologists.  It  is 
difficult  to  define  (necisely  what  toxicology  really  is.  Per¬ 
haps,  it  is  a  mind-set  (Ceitaiiily,  it  is  not  a  basic  science.  The 
significant  advances  in  what  we  usually  consider  to  be 
"toxicology"  are  really  advances  in  biochemistiy,  pathology, 
physiology,  etc.,  and  are  usually  closely  related  to  the  ad¬ 
vancement  of  "state  of  the  art"  (that  phrase  again)  in  analytical 
chemistry.  Because  toxicology  is  such  an  apfdied  endeavor, 
it  follows  that  applications  of  those  advances  of  our  col¬ 
leagues  in  the  basic  sciences  ate  what  occupy  the  toxicologist; 
as.  for  example,  in  the  process  of  chemical  risk  assessment. 
Much  of  what  we  usually  consider  to  be  toxicology  is  inter¬ 
twined  with  tt..:  use  of  new  knowledge  and  techniques  to 
define  the  biological  actions  of  chemicals  on  humans,  to 
quantify  dose-response  relationships  between  those  chemi¬ 
cals  and  effects,  ami  to  predict  exposure  conditions  that  will 
not  be  haimfiil  to  human  health.  Evidence  of  this  can  be  seen 
in  the  variety  of  educational  backgrounds  of  investigators 
who  have  contributed  to  the  U.S.  Navy ’s  toxicology  program: 
biochemistiy,  biochemical  kinetics,  physiology,  pharmacol¬ 
ogy,  clinical  chemistiy,  psychology,  phaimacy,  zoology, 
chemistry,  and  toxicology. 


During  the  decade  of  the  19S0b.  it  became  apparent  that 
the  Navy  would  be  encountering  toxicology  problems  that 
would  require  a  significant  expenditure  of  resources  to  solve. 
Weapons  systems  were  becoming  increasingly  complex  and 
the  general  awareness  of  health  Ittzaids  (and  ensuing  mission 
degradation)  resulted  in  the  fonnation  of  the  Navy  Toxicol¬ 
ogy  Unit  (NTU). 


The  Navy,  in  common  with  its  sister  services,  can  trace 
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the  beginnings  of  "militaiy  toxicology"  to  the  questions  that 
required  answers  during  the  World  Wars.  There  was,  how¬ 
ever,  no  permanence  associated  with  the  organizational  sub¬ 
units  which  provided  that  toxicology  support.  The  real  roots 
of  the  Navy’s  toxicology  program  coiiKide  with  the  foresight 
and  vision  of  Captain  Jac  Siegel  which  resulted  in  the  estab¬ 
lishment  of  the  NTU.  Captain  Siegel  conceived  the  notion  of 
a  dedicated  unit  that  would  be  responsive  to  the  requirements 
of  the  "customer."  Captain  Jack  Kinsey  was  part  of  the  Deep 
Sutmiergence  Systems  Project  Office  that  had  the  respon¬ 
sibility,  in  consoiuuice  with  the  Bureau  of  Medicine  and 
Surgery,  for  solving  manAnachine  interface  problems  con¬ 
cerned  with  nuclear  submarine  habitability.  Rear  Admiral 
Bart  Hogan,  the  Navy’s  Surgeon  General,  appreciated  the 
rrugnitude  of  the  problem  and  realized  that  the  formation  of 
a  dedicated  unit,  as  proposed  by  Captain  Siegel,  was  the  best 
means  of  solving  it  NTU  started  operations  using  3000 
square  feet  in  Building  1 19  at  the  Natiorul  Naval  Medical 
Center  (NNMC)  in  Bethesda,  Maryland,  in  19S8. 

The  Original  Mission 

The  reasons  for  the  formation  of  NTU  have  a  great  deal 
of  historical  significance.  The  scope  of  the  Navy’s  program 
expanded  markedly  during  the  decades  of  the  1960s  and 
1970s.  Those  were  the  toxicology  "boom  years."  Significant¬ 
ly,  the  philosophy  behind  the  program  and,  therefore,  the 
mission  have  changed  little.  Of  interest  are  the  definitions  of 
mission  and  function  that  were  assigned  to  NTU  and,  there¬ 
fore,  to  the  Navy’s  toxicology  program:^*^ 

"...To  provide  technical  and  specialized  services  in 
the  fields  of  operational  toxicology  and  health  en¬ 
gineering  as  related  to  toxicity  problems  encountered 
aboard  ships;  and  in  the  design  aixl  use  of  new  weapons 
systems.  Also,  develop  and  provide  biological  data  so 
that  precautionary  measures,  conducive  to  good  health 
practices,  nuy  be  prescribed." 

Even  in  the  context  of  the  terminology  and  Jargon  of  three 
decades  later,  some  of  the  terms,  to  a  large  degree,  sound  like 
what  is  now  coiuidered  to  be  risk  assessment: 

•  "Operational  toxicology"  carries  the  connotation  of 
deriningrisk. 

•  "Health  engineering"  implies  mitigation  of  risk. 

•  "Precautionary  measures,  conducive  to  good  health 
practices"  infers  management  of  risk. 

Continuous  Exposures 

Experimental  data  were  required  to  establish  safe  ex¬ 
posure  limits  for  continuous  exposures.  Because  we  are  con¬ 
sidering  the  historical  aspects  of  toxicology,  it  is  appropriate 
to  cite  the  origin  of  several  commonly  accepted  parts  of 
toxicology  experimemation.  At  the  time  of  the  formation  of 


NTU  (actually  one  of  the  reasons  for  its  establishment),  no 
laboratory  was  prepared  to  do  24-hour/day  animal  exposures. 
The  original  NTU  modified  the  existing  design  Rochester 
Chambers  for  the  first  big  push  toward  continuous  exposure 
studies.^^  Today’s  continuous  exposure  equipment  has  lit¬ 
tle  resemblance  to  those  crude  beginnings.  It  is  usually  not 
possible  to  pinpoint  the  beginning  of  some  things.  For  some 
reason,  90-^y  studies  have  become  an  accepted  norm.  There 
is  considerable  support  for  the  notion  that  standardizing  on 
this  time  period  was  an  outgrowth  of  a  planning  meeting  of 
the  NTU  staff  in  Captain  Siegel’s  office.  In  order  to  stand¬ 
ardize  protocols,  it  was  decided  to  add  a  50%  margin  to  the 
published  figure  of  60  days  for  the  duration  of  nuclear  sub¬ 
marine  patrols  and,  thereafter,  exposures  of  experimental 
animals  would  be  for  a  duration  of  90  days. 

There  are  still  concerns  about  continuous  exposures  in 
operational  environments.  In  documents  written  to  solicit 
proposals  for  their  Centers  of  Research  and  Training,  tite 
National  Aeronautics  and  Space  Administration  (NASA) 
considered  that,  toxicologically,  the  closest  thing  on  earth  to 
a  space  station  was  a  nuclear  submarine. 

Operational  Toxicology 

The  concept  of  qxnutional  toxicology  is  an  important 
part  of  the  Navy’s  toxicology  program,  but  it  is  by  no  means 
limited  to  the  Navy.  Military  toxicology  research  is  structured 
and  administered  in  consonance  with  the  rest  of  the  Depart¬ 
ment  of  Defense  (DoD)  research.  Because  appropriate  toxi* 
cology  data  for  risk  assessment  purposes  are  almost  never 
available,  it  is  often  necessary  to  first  develop  technology  as 
part  of  developing  specific  data  —  the  technology  by  which 
risk  assessment  is  accomplished. 

Risk  Assessment 

To  the  extent  that  risk  assessment  includes  evaluation  of 
toxicity  under  a  given  set  of  exposure  criteria,  the  Navy’s 
toxicology  program  has  always  been  risk  oriented.  To  ac¬ 
complish  the  eixl  of  protecting  the  health  of  military  person¬ 
nel  and  enhatxnng  mission  performance,  there  is  no  way  of 
fieezing  a  toxicology  research  program  into  standard 
protocols  that  only  define  toxicity.  Hazard  assessment 
(toxicology  under  conditions  of  exposure)  has  always  been 
part  of  the  Navy’s  program  as  the  origirud  mission  aixl  fimc- 
tion  statement  dictates.  Chemicals  that  are  encountered  in  the 
design  and  use  of  most  weapons  systenu  are.  for  the  most 
pMTt,  new  and  (very  frequently)  "reactive."  It  is  seldom  pos¬ 
sible  to  consult  the  scientific  literature  and  find  sufficient 
toxicologic  data  on  such  chemicals  on  which  to  base  a  risk 
assessment  New  information  must  be  developed. 

The  Military  Mission  and  Acceptable  Risk 

Of  necessity,  much  of  the  practice  of  military  toxicology 
was  (and  is)  directed  toward  the  requiremem  for  the  absolute 
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inftllibility  of  the  militaiy  mission  when  csUed.  There  is  no 
room  for  occupational  h^th  episodes  that  adversely  affect 
mission  performance.  In  today’s  language,  this  concept  is 
identical  to  the  process  of  identifying  the  degree  of  "accept¬ 
able"  risk.  In  the  context  of  acceptable  risk  as  regards  mis¬ 
sion-sensitive  occupational  he^th  hazards  of  military 
weapons  systems,  the  amount  of  risk  that  is  acceptable  is  very 
close  to  zero.  Because  of  this  extremely  low  degree  of  accept¬ 
able  risk,  any  experimental  studies  upon  which  human  ex¬ 
posure  limits  are  to  be  based  must  be  proficiently  (if  nm 
elegantly)  done.  The  academic  fieedom  under  which  most 
Navy  toxicologic  experimentation  was  (and  is)  done  is  usual¬ 
ly  astonishing  to  those  unfamiliar  with  the  military  programs, 
b  common  with  much  of  the  rest  of  DoD  research,  "worst 
case"  scetuuios  are  considered  in  experimental  design.  Inter¬ 
actions  with  the  environment,  inclu^g  physiological  adrp- 
tadons,  constitute  an  integral  part  of  the  program.  Modem 
approaches  to  extrapolation,  or  "scale-up,"  were  (and  are) 
integral  to  Navy  toxicology.  There  is  a  strong  mission  orien¬ 
tation  that  can  be  directly  attributed  to  the  fact  that  the 
program  is  done  in  a  "user  laboratory"  which  has  the  goal  of 
protecting  the  health  of  the  users  —  Navy  personnel. 

Nuclear  Submarine  Habitability 

When  the  Navy  was  well  into  the  development  of  the 
nuclear  submaritw,  there  was  a  very  real  concern  for  the 
establidunent  of  human  exposure  limits  for  chemicals  when 
exposure  was  to  be  on  a  continuous  basis.  This  was  the  first 
problem  to  which  the  resources  of  NTU  were  directed.  (The 
magnitude  and  significance  of  diis  problem  is  shown  by  the 
fact  that  some  30  years  later  nuclear  submarine  habitability 
is  still  an  important  concern  of  the  Navy  Toxicology  Detach¬ 
ment)  In  the  realm  of  occupational  toxicology.  Threshold 
Limit  Values  (TLVs,  8  hou^day  for  a  working  lifetime), 
developed  by  the  American  Conference  of  Ckrvemmental 
Industrial  Hygienists,  had  been  around  for  some  time.  The 
nuclear  submarine  was  the  first  time  that  it  was  necessary  to 
protect  man  in  an  occupational  environment  which,  in  effect 
brought  man  into  equilibrium  with  the  environment  and  then 
held  him  there  for  a  prolonged  period  of  time.  There  was  only 
one  "loading,"  at  the  beginning  of  the  cruise  and  one  "unload¬ 
ing,"  which  occurred  at  the  end.  What  was  die  relationship  of 
the  required  exposure  limits  to  ILVs?  Would  it  be  safe  to 
take  existing  TLVs  and  make  a  correction  for  exposure 
(divide  by  24/8,  or  3)7  What  was  the  best  way  of  establishing 
exposure  limits?  No  one  really  knew  the  answers.^^^ 

It  is  more  than  just  passing  coincidence  that  the  scientific 
meeting  which  first  addressed  these  major  concenu  was,  in 
fact,  the  first  in  a  long  series  of  meetings  addressing  the 
militiry’s  concern  about  environmental  and  occupational 
toxicotogy.  This  present  conference  is  adirect  lineal  descend- 


Military  Operatirtg  Environment 

Military  toxicology  has  developed  into  something  that  is 
intertwined  with  awareness  and  concern  for  operational  en- 
vinmments  and  theaters.  There  is  consideration  for  the  inter¬ 
action  of  abnormal  physical  environments  (and  the 
physiological  adaptations  thereto)  with  chemical  toxicity, 
both  for  esoteric  military  chemicals  and  for  such  items  as 
carbon  monoxide  that  toxicologists  have  been  studying  for 
years.^^  There  is  very  real  concern  for  the  effect  of  even  very 
slight  performance  decrements  on  mission  performance, 
when  that  mission  involves  operation  of  high-performance 
aircraft  or  pressurized,  undersea  vehicles  with  complex 
electronic  weapons  systems.^^^  As  one  thinks  these  out,  they 
become  increasingly  complex.  What  about  a  fire  on  board  an 
aircraft  carrier  conducting  flight  operations  in  a  combat  situa¬ 
tion?  Because  of  threat  sceiuuios  involved  in  conflagrations 
as  well  as  other  catastrophic  exposures,  rate  of  onset  of 
toxicity  is  an  important  concern.^  And  there  are  more! 

The  Need  for  Quantitativa  Toxicology 

As  part  of  normal  program  growth,  and  in  consonance 
with  changing  philosophies  in  toxicology  that  have  been 
discussed,  the  Navy’s  toxicology  program  became  progres¬ 
sively  more  and  more  oriented  toward  the  understanding  of 
mechanisms  of  action  for  those  toxicants  with  which  it  was 
concerned. 

When  assessing  risk,  it  is  necessary  to  quantiiy  as  much 
as  possible.  C^nunon  risk  assessment  procedure  begins  with 
studies  of  effects  on  experimental  animals.  Dose-response 
data  thus  obtained  are  "scaled-up"  to  human  scenarios.^^^  In 
practice,  because  this  species-to-species  extrapolation  is  in¬ 
exact,  "safety  (ignorance?)  factors"  are  employed.  The  mag¬ 
nitude  of  the  safety  factor  is  determined  by  several  things, 
including  severity  (and  reversibility)  of  effect  whose  risk  is 
being  assessed,  known  interspecies  variation,  and,  important¬ 
ly,  the  quality  of  the  experimental  data  on  which  the  whole 
procedure  is  predicated. 

Physiologicai  Factors  Affecting  Toxicity 

The  Navy  was  once  faced  with  the  need  to  establish  a 
corrtinuous  exposure  limit  for  1,1-dichloroethylene  (vinyli- 
dene  chloride,  VQ.  The  need  was  complicated  by  the  fact 
that  little  of  practical  consequence  could  be  done  to  alleviate 
the  exposure  and  that  there  was  a  paucity  of  experimental  data 
on  yC  toxicity  Application  of  appropriate  safety  factors 
would  result  in  an  operationally  unacceptable  (low)  and  un¬ 
realistic  exposure  litniL 

Two  simultaneous  programs  evolved.  The  obvious  need 
for  appropriate  experimental  data  was  addressed  irrunediately 
with  a  series  of  studies  designed  to  define  and  quantify  the 
mechanistic  toxicology  of  VC  in  experimental  anirruds.  Em¬ 
phasis  wu  placed  on  early  detection  of  VC-induced  altera¬ 
tions  through  biochemical  means.^'^*^^  The  irttem  was  to 
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provide  infbnnation  on  early  detection  of  toxicity  as  well  as 
on  thresholds  of  impaimient  and  damage. 

In  addition,  the  extrapolation  issue  (with  its  necessarily 
large  safety  hcton)  had  to  be  considered.  Despite  vast  dif¬ 
ferences  in  size,  there  is  a  remarkable  degree  of  physiological 
constancy  between  and  among  mamtnals.^'^^  Whatever  the 
species,  a  toxic  response  is  the  result  of  a  dose  that  has  been 
delivered  to  a  site  of  actioiL  The  processes  of  uptake,  absorp¬ 
tion,  distribution,  metabolism,  and  elimination  are  dynamic 
ones.  The  size  of  die  delivered  dose  is  variable  and  is  de¬ 
mined  by  a  variety  of  physical  and  physiological  factors, 
which  can  be  modeled.^^^^  In  addition  to  physical  factors 
(e.g.,  solubility,  partitioning,  etc./*^  that  are  determinants  of 
uptake,  a  variety  of  physiological  factors  (including  blood 
flow  and  perfusion)  are  determinants  of  distribution.^*^  To 
the  extent  that  the  dose  is  related  to  these  and  other 
physiological  factors,  physiological  differences  among 
species  in  those  parameters  are  an  important  part  of  the 
s^e-up,  or  extrapolation.**^*  Knowledge  of,  and  inclusion 
of,  these  factors  and  the  development  of  appropriate  models 
to  test  them,  paired  with  appropriate  and  good  quality  ex¬ 
perimental  data,  can.  indeed,  minimize  the  magnitude  of  the 
ignorance  factor.**^* 

Naval  Medical  Research  Institute 
Toxicology  Detadiment 

In  the  middle  of  the  1970s.  NTU  was  disestablished  and 
its  personnel  and  other  assets  were  reassigned  as  the  Toxicol¬ 
ogy  Division  of  the  Environmental  Biosciences  Department 
of  the  Naval  Medical  Research  Institute  (NMRI).  As  the 
Navy’s  toxicology  program  grew  and  became  more  oriented 
toward  mechanistic  toxicology  during  the  19d0s  and  1970s, 
the  original  3000  square  feet  in  Building  119  at  NNMC 
became  progressively  more  restrictive.  The  mechanisms 
work,  which  was  a  necessary  part  of  die  growing  need  for 
quantitative  toxicology,  could  not  supplant  the  studies  in¬ 
tended  to  provide  descriptive  toxicity  data.  There  was  a 
continuing  requirement  for  both  types  of  research.  Part  of  this 
increased  program  was,  of  course,  related  to  increased  aware¬ 
ness  of  the  toxic  hazards  of  chemicals  on  the  part  of  die 
general  public  which  was  occurring  during  this  time  period. 
Program  growth  could  not  be  supported  by  physical  facilities 
that  were  scheduled  to  come  on  line  at  Bethesda. 

Two  historically  significant  events  occurred.  The 
toxicology  program  of  the  U.S.  Air  Force  included  a  sig- 
nificatu  portion  of  effort  that  was  surpotted  by  an  in-house 
contractor  at  the  Aerospace  Medical  Research  Laboratory 
(AMRL)  at  Wright-Patterson  Air  Force  Base.  Fortunately,  a 
significant  portion  of  this  contractor’s  time  was  available 
becwae  Building  119  was  found  to  have  tenniiesl  There  was 
little  question  about  die  potential  for  adverse  effects  on 
NTlTs  experimeraalar.iriials  that  could  be  caused  ly  die  use 
of  a  peniatent  organochlorine  lermiticide  in  Buik^  1 19. 


The  die  was  cast! 

After  ptelitninary  (and  very  amicable)  meetings,  it  was 
agreed  that  bodi  services  would  benefit  by  co-location  and 
crnss-iiriliration.  It  was  felt  that  the  technical  specialties  of 
each  of  the  services  and  their  program  goals  would  comple- 
mem  each  other.  It  was  proposed  and  agreed  diat  NMRI 
would  co-locate  its  toxicology  program  with  the  Air  Force’s 
program  at  AMRL  and,  in  order  to  accomplish  diis,  would 
establish  a  detachtnem  (which  was  essentially  the  old  NTU) 
at  WtighM*atter8on  Air  Force  Base.  Throu^  this 
mechanism,  the  Navy  could  cross-utilize  a  significattt  portion 
of  the  Air  Force’s  contract  and  (simultaneously)  contituie  its 
developmem  of  quantitative  risk  assessment  This  relation¬ 
ship  has  proved  beneficial  to  both  programs  and  may  provide 
the  bluefuint  for  other  joint-service  research  projects  and 
programs. 
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History  of  Air  Force  Toxicology 

Vcmon  L.  Carter,  Jr.,  D.V.M. 

Associate  Dean  for  Research,  College  of  Veterinary  Medicine,  The  Ohio  State  University, 
1900  Coffey  Road,  Columbus,  Ohio  43210 


.  The  U.S.  Air  Force  Toxicology  Program  traces  its  begin¬ 
ning  to  the  early  1950s  with  the  hiring  of  Dr.  Anthony  A. 
Thomas.  He  assembled  a  staff  consisting  of  a  medical  tech¬ 
nologist  a  pharmacologist,  and  a  veterinary  pathologist  in  the 
basement  of  the  Wright-Patterson  Air  Force  Base  Area  B 
hospital  dispensary.  Studies  were  initiated  on  the  occupation¬ 
al  toxicolo^  of  missile  propellants  and  oxidizers.  As  the 
program  grew  in  productivity  arxl  importance,  it  was  moved  to 
its  present  location  in  BuUdng  79.  Thera,  four  inhalation 
toxicology  chambers  with  hypobaric,  continuous  exposure 
capability  were  constructed.  They  were  named  the  'Thomas 
Domes*  after  the  originator  of  the  design.  These  original  and 
four  additional  domes  served  as  the  'backbone*  for  Inhalation 
studies  on  oxygen-enriched  atmospheres,  the  hydrazine 
propellants,  ca^n  monoxide,  and  a  number  of  other  com¬ 
pounds  of  interest  to  the  Navy,  Air  Force,  and  the  National 
Aeronautics  and  Space  Administration  during  the  1960s  and 
1970s.  This  paper  traces  Air  Force  toxicology  through  the  era 
of  continuous  inhalation  exposure  into  inhalation  carcinogen¬ 
icity  exposure  and  finally  to  the  development  of  physiologically 
based,  pharmacokinetic  modeling. 

The  Beginning 

The  first  documented  reference  to  a  toxicology  effort  in 
the  Aero  Medical  Laboratory  at  Wright-Pstterson  Air  Force 
Base  (WPAFB)  is  found  in  50  Years  of  Research  on  Man  in 
Flighty^  Major  Edward  Westlake  develtqied  an  industrial 
hygiene  program  for  missile  bases  to  ease  military  and 
civilian  concern  about  the  new  rocket  propellants’  toxic 
properties.  Surveys  were  conducted  of  potential  hazards  and 
handling  procedures  and  preventive  retnedial  measures  were 
formulated. 

It  is  generally  accepted  that  the  beginning  of  the  Air 
Force  research  loxicolo^  program  as  we  know  it  today  at 
WPAFB  originated  with  the  hiring  of  Dr.  Anthony  A  Thomas 
as  a  teaeaich  toxicologist  in  1936.  He  was  auipied  space  in 
the  basement  of  the  WPAFB  Dispensary  in  Area  B.  By  1960, 
he  had  assembled  a  staff  consisting  of  Mildred  Pinkerton,  a 
medicaltechnologiat;Dr.JamesPrine,aveterinarypatholo- 
gist;  and  Dr.  Kenneth  Back,  a  pharmacologist,  who  was  later 
to  become  a  Branch  Chief  and  a  major,  long-term  contributor 
to  the  program.  They  set  about  the  complex  task  of  defining 
the  toxicology  of  Air  Force  missile  propellants  and  related 
compotKtits  to  resporal  to  some  of  the  concerns  raised  by 


Majtn  Westlake’s  industrial  hygiene  surveys.  From  this  rela¬ 
tively  iruuispicious  beginning  was  to  emoge  an  inhalation 
toxicology  program  and  one-of-a-kind  supporting  facility 
that  would  gain  natioiud  recognition  for  excellence  within  the 
next  decade. 

GroMfth  and  Maturity  of  the  Program 

The  Aeromedical  Laboratory  became  the  Aerospace 
Medical  Laboratory  in  1939.  It  had  been  designated  as  the 
fundamental  focal  point  of  the  new  Air  Force  initiative  en¬ 
titled  Man  in  Space  in  1 938.  The  design  of  ecological  systems 
to  support  extended  space  travel  required  hunum  exposure 
limits  for  a  wide  range  of  environmental  contaminants 
presem  in  space  cabins.  The  only  toxicologic  data  available 
were  directed  at  the  8-hour/day,  40-hour/week  occupational 
exposure.  The  need  to  extend  this  data  bank  to  the  24- 
hours/day,  7  days/week  continuous  exposure  for  extended 
periods  was  obvious.  The  U.S.  Navy  was  encountering 
similar  requirements  as  it  examined  the  prolonged  submer- 
gence  of  Naval  personnel  in  nuclear  submarines.  The  Naval 
Medical  Laboratory  hosted  a  Symposium  on  Submarine  and 
Space  Medicine  in  1938  as  an  initial  thrust  to  address  these 
problems. 

Dr.  Thonus  recognized  that  a  facility  to  perfoi..i  con¬ 
tinuous  exposure  toxicology  studies  was  essential  to  meet 
these  needs.  Because  no  such  facility  existed  to  fulfill  these 
needs,  he  set  about  the  task  of  designing  and  constructing 
such  a  ficility.  In  1962,  the  toxicology  program  moved  fiom 
its  basement  quarters  in  the  dispensary  to  Building  79,  its 
present  location  today.  In  1964,  four  inhalation  exposure 
chambers  capable  of  continuous,  uninterrupted  exposure 
under  hypobaric  and  oxygen-enriched  atmospheres  became 
opentioiial.  These  chambers  became  known  as  the  Thomas 
Domes"  named  after  the  designer.  Dr.  Anthony  A.  Thomas. 
This  focility,  which  was  soon  expanded  to  a  total  of  eight 
chambers,  served  as  the  "backboiie"  of  inhalation  exposure 
studies  on  the  toxicology  of  a  number  of  atmospheric  con¬ 
taminants  for  two  decades.  The  final  recognition  of  the 
maturity  of  this  program  came  with  the  establishmem  of  the 
Toxic  Hazards  Division  as  one  of  the  four  mqor  divisions  of 
the  6370lh  Aerospace  Medical  Research  Laboratories  in 
1963. 
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Chemical  Risk  AsMnmant 


During  this  period  of  the  1960s,  studies  to  further  define 
the  toxicology  of  the  hydrazine  missile  propellants  (hydra¬ 
zine,  nwaoiiiethylhydrazine,  and  1,2-dim^ylhydrazine), 
borane  fuels,  inorganic  flutxine  oxidizing  agents,  and  organic 
nitrogen  fluorine-containing  compounds  were  intensified.  A 
number  of  90-day,  continuous  inhalation  studies  were  com¬ 
pleted  In  addition  to  the  inhalation  pathotoxicology  of  these 
compounds,  studies  on  the  biochemical  mechanism  of  action 
and  possible  therapeutic  intervention  of  toxic  exposures  were 
instituted  Studies  on  the  cardiovascular  ard  behavioral  ef¬ 
fects  to  crew  members  of  halogenated  fire  extinguishing 
agents  were  undertaken  because  of  their  projected  use  in  both 
aircraft  and  spacecraft  cabins.  Short-term  inhalation  exposure 
studies  to  develop  EmergeiKy  Exposure  Limits  for  Air  Force 
personnel  working  in  critical  operatioiul  environments  were 
performed  Improved  arulyti^  methods  for  detection  of 
these  compounds  in  the  operational  environment  were 
developed 

The  problem  of  long-term,  continuous  exposure  to 
oxygen-eiuiched  atmospheres  was  confronted  Inhalation 
studies  at  1(X)%  oxygen  at  reduced  atmospheric  pressure 
corresponding  to  die  early  qracecraft  cabin  conditions  were 
undertrirea  Morphometric  methodoiogy  to  evaluate  quan¬ 
titatively  the  degree  of  pulmotuuy  membrane  thickoiing 
characteristic  of  oxygen  toxicity  was  developed  and  utilized 
in  these  studies.  The  alteration  of  the  toxic  response  of  atRios- 
phetic  contamiruuits  in  the  presence  of  increased  oxygen 
concentrations  was  evaluated  A  critical  evaluation  of  con- 
tunious  exposure  to  the  ever  present,  atmospheric  con¬ 
taminant  carbon  ttronoxide  was  completed  Included  in  these 
studies  was  a  study  to  clarify  the  effect  of  carbon  monoxide 
on  nortrul  sleep  patterns.  The  rerutl  toxicity  from  inhalation 
exposure  to  saturated  concentrations  of  ethylerw  glycol  was 
determined  for  the  Natiotul  Aeronautics  and  Space  Ad¬ 
ministration  (NASA).  This  was  necessitated  by  the  possibility 
of  a  leak  of  this  coolant  into  the  spacecraft  cabia 

During  diis  exciting  time,  another  significant  develop- 
tneitt  occurred  The  need  for  a  forum  to  review  progress 
critically  and  to  exchange  information  in  the  rapidly  expand¬ 
ing  area  of  atmoqrheric  contaminants  in  confined  spaces 
became  evident  In  1965,  a  Conference  on  Atmospheric  Con¬ 
tamination  in  Confined  Spaces,  sponsored  by  the  Air  Force, 
was  hrid  in  Dayton,  Ohio.  It  is  apwopriate  to  quote  from  the 
Irttroduction''  to  the  Proceedings^^  of  this  coherence: 

"As  our  research  methods  and  techniques  in  toxicol¬ 
ogy  progressed  to  the  point  where  truly  uninterrupted 
long-terrrt  continuous  exposures  became  feasible, 
marry  new  technical  difficulties  were  discovered  and 
the  costliness  of  this  work  became  apparent.  The  need 
for  a  acientific  meeting  dedicated  primarily  to  research 
problems  in  toxicology  became  increasingly  urgent. 
Because  the  number  of  froilities  available  to  condua 
such  work  is  limited  in  the  6ee  worM,  it  has  also 


become  critically  important  drat  researchers  in  these 
facilities  should  prodice  data  that  ate  directly  cotrr- 
parable.  This  would  prevent  unnecessary  or  costly 
duplication  of  experiments  and  loss  of  valuable  biologi¬ 
cal  lead  time.  AldKw^  everyone  abhors  ‘stand¬ 
ardization’  in  research  and  finds  it  stifling  of  initiative, 
inevitably  methodology  must  be  standardized  in  the 
sense  that  only  acceptable  methods  diat  can  furnish 
reproducible  and  meaningful  information  should  be 
used.  Thus,  the  setting  of  a  sort  of  minimum  criteria  for 
research  methodology  becomes,  in  fact,  a  sort  of  quality 
control  procedure,  a  highly  desirable  situation  in  any 
research  endeavor. 

"Obviously,  this  meeting  was  not  intended  in  any 
way  to  become  a  synqx>siuni.  The  issues  at  hand  re¬ 
quired  a  very  practical  apprrMch  to  rruuiy  matters  of 
technical  detail,  and  the  guiding  thought  was  one  of 
trade-off  between  optimum  experimental  design  and 
minimum  requirements  for  comparability  of  data.  To 
provide  timely  and  useful  toxicological  information  to 
the  design  engineers  one  must  also  compromise  some 
of  the  goals  which  the  ultimate  perfectionist  seeks. 
This  compromise  then  is  necessitated  by  two  crucial 
arxl  overriding  factors,  available  tiriK  and  rrwney. 
Therefore,  we  felt  that  a  conference  which  provided  a 
workshr^  atmosphere  was  much  mote  desirable  than 
would  be  the  highly  academic  approach  of  a  formal 
symposium. 

"We  sincerely  hope  as  experience  grows  and  as 
research  data  accumulate  that  there  will  be  a  gradual 
teiKlency  in  this  series  of  conferences  toward  the 
makings  of  a  teal  symposium.  Meanwhile.  I  must  take 
the  blame  for  arranging  the  technical  program  for  this 
very  first  confetetKe." 

The  hopes  of  the  author  of  this  introduction.  Dr.  Anthony  A. 
Thomas,  then  the  Director  of  the  Toxic  Hazards  Division, 
were  certainly  fulfilled  as  seen  by  the  successful  armual 
conferences  held  thereafter. 

Th*  RMponM  to  Rogulatory  Pressure 

With  extended  space  flight  a  successful  reality,  the  1970$ 
brou^t  other  pressures  to  bear  on  the  Air  Force  Toxicology 
Ptogram.  The  need  for  data  to  establish  permissible  exposure 
limits  for  chemicals  in  the  workplace  became  pressing.  The 
hazards  associated  widi  exposure  to  dremicals  with  car¬ 
cinogenic  potential  became  an  overriding  issue.  The  close 
structural  relationship  of  the  hydrazine  propellants  to  the 
carcinogenic  nitrosamines  necessitated  definitive  data  to 
detennine  the  hazard  associated  with  the  continued  use  of 
these  propellants.  Six-month  to  one-year  exposures  of  mice, 
rats,  harnsters,  arul  dogs  to  gra^  concentrations  of 
hydrazine,  unsymmetrical  dimethylhydrazine,  and  mono- 
methylhydrazine  were  conducted.  The  compleie  histological 
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work-up  involved  the  evaluation  of  over  300,000  tissues 
according  to  a  protocol  designed  by  the  National  Cancer 
Institute.  Both  national  and  international  coiporadons  in¬ 
volved  in  the  manufacture  and  use  of  these  compounds 
provided  support  for  these  studies. 

Legislative,  mandated  Environmental  Impact  Assess¬ 
ments  and  Statements  focused  on  the  need  for  data  to  deter¬ 
mine  the  effect  of  Air  Force  operations  on  the  environment. 
A  major  study  on  the  effect  of  Space  Shutde  exhaust  products 
on  the  flora  and  fauna  in  the  vicinity  of  Vandenberg  Air  Force 
Base  was  undertaken.  Test  batteries  for  determining  the  effect 
of  chemicals  on  water  quality  were  established.  The  program 
responded  to  the  presence  of  women  on  the  flight-line  by 
ad^g  the  evaluation  of  chemicals  on  the  unborn  fetus  to  its 
capabilities. 

The  Navy  Medical  Research  Institute  established  a 
toxicology  detachment  at  WPAFB  in  1976.  Joint  Navy/Air 
Force  toxicology  studies  on  jet  fuels  and  hydraulic  fluids  were 
initiated.  These  included  studies  on  proposed  alternate  fuels 
derived  from  such  sources  as  oil  shale. 

Program  Transition 

The  rapid  growth  of  toxicology  as  a  discipline  during  the 
1960s  and  197Qs  had  produced  extensive  data  on  the  toxicity 
of  chemicals  using  animal  models.  There  was  growing  con¬ 
cern  among  toxicologists  about  the  methodology  used  to 
extrapolate  animal  data  to  human  exposure  limits.  Under  the 
direction  of  Dr.  Melvin  Andersen,  the  toxicology  program 
initiated  a  major  effort  in  physiologically  based  phar¬ 
macokinetic  modeling.  This  mediodology  provides  a  more 
exact  estimate  of  the  relationship  between  external  and  inter¬ 
nal  dose  allowing  f(»’  species  differences  in  metabolism  and 


distribution  of  chemical  substances.  The  wideqiread  accep- 
taitce  of  this  methodology  by  the  scientific  conununity  for  use 
in  hazard  estimation  and  risk  assessment  once  again  focused 
the  attention  on  the  Toxic  Hazards  Division  as  a  leader  in 
innovative  concepts  for  toxicologic  research.  The  laboratory 
has  also  embarked  on  a  program  of  developing  and  evaluating 
isolated  cell  systems  for  use  in  their  research  program.  This 
is  not,  as  some  may  perceive,  a  result  of  animal  rights  pressure 
but  is  part  of  an  ongoing  effort  in  the  thirty  or  more  years  that 
this  program  has  been  in  existence  to  provide  the  very  best  in 
scientific  methodology  to  allow  chemicals  to  be  used  with 
minimum  adverse  effects  on  employee,  corrununity,  and  en- 
virorunental  health. 

^th  a  contingent  of  the  Army  moving  to  Dayton  to  take 
part  in  the  program,  all  three  services  are  now  active  par¬ 
ticipants.  I  have  heard  Dr.  Thomas  and  Dr.  Back  discuss  many 
times  the  desirability  of  a  "Purple  Suit”*  toxicology  |»ogram 
that  is  Department  of  Defensewide,  that  would  address  the 
problems  of  all  services  because  of  their  similar  needs  and 
requirements.  One  can  only  wonder  if  this  may  indeed  be¬ 
come  a  reality. 


**Purpie  Suit'' is  •  tena  cowed  to  denote  a  militwy  component  compcMed  of 
memben  of  the  U.S.  Navy,  Aimy,  and  Air  Fdice  b«n  anaweiing  to  no  single 
service  •— a  Bi-aervioe  uniL 
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The  Risk  of  Risk  Assessment 

Henry  Falk 
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Or.  Falk  is  the  Director  of  the  Division  of  Environmental 
Hazardous  and  Health  Effects  at  the  Centsr  for  Disease 
Control.  He  is  noted  for  his  work  in  several  areas  dealing  with 
risk  assessment,  specifically  epidemiologic  stiKfies  and 
monitoring  populations,  examining  issues  of  public  health  atfo 
impacts,  and  dealing  with  health  effects  in  populations  where 
there  is  a  public  health  problem  throughout  the  Unitad  States. 
Most  recsintly,  Dr.  Falk  has  been  invoivad  with  a  sttxly  on  lead 
toxicity  in  sensitive  populationa  in  coUaboratfon  with  re¬ 
searchers  at  the  Nationat  Academy  of  Sdenoes. 

I  approached  this  address  with  some  trepidation.  I  am 
actually  here  freaking  for  Dr.  Vernon  Houk  of  the  Center  for 
Environmental  Health  and  Injury  Control  at  the  Centen  for 
Disease  Control  (CDQ  who  was  origiiudly  invited  atxl 
agreed  to  give  the  luncheon  address.  Unfortunately,  he  could 
not  be  here  in  person. 

For  those  of  you  who  do  not  know  Dr.  Houk.  he  is  a 
rugged  iixlividualist,  who  has  very  strongly  held  views  par¬ 
ticularly  in  the  area  of  risk  assessment  It  is  totally  in  character 
for  him  to  discuss  the  "Risk  of  Risk  Assessment"  at  a  sym¬ 
posium  on  risk  assessment  My  plan  is  to  present  his  prorated 
talk  as  closely  as  I  can,  although  I  am  sure  it  will  lose  a  great 
deal  of  zest  and  flavor  in  my  presenting  it 

By  way  of  introductiort  a  key  issue  in  relation  to  the  title, 
"The  Risk  of  Risk  Assessment"  is  "so  what  is  the  altona- 
tive?"  Dr.  Houk  is  very  supportive  of  die  approach  and  he 
considers  it  a  very  important  took  This  is  not  the  issue.  From 
a  public  health  point  of  view,  the  concern  is  the  uncritical  use 
of  risk  assessment  numbers,  the  likelihood  that  we  will  act 
upon  what  are  really  very  uncertain  numbers  as  if  they  were 
revealed  truths.  The  "Risk  (rf  Risk  Assessment"  is  in  a  sense 
a  cautionary  tale,  exemplified  by  Dr.  Hook  in  what  is  about 
as  for-fetched  and  extreme  an  example  of  a  risk  assessnnent 
as  you  might  come  acron.  Dr.  Houk  stated  diat  the  average 
amwal  rainfoU  in  the  United  Stales  is  16  thousand  inches  per 
year.  He  had  examined  the  most  sensitive  population  whidi 
was  Alvin,  Texas,  mH  they  had  43  inches  of  tain  in  a  tingle 
dqr  a  year  or  ao  ago.  He  applied  the  Alvin,  Texas,  figure 
nationally  and  then  extrapolated  that  to  a  whole  year.  The 
figures  showed  the  cataclyamic  rainfoll  for  the  entire  country. 
Obviously ,  this  is  a  serious  error  and  anyone  would  recognize 


it  as  such.  The  inqiortant  point  is  why  do  we  recognize  it  as 
such.  We  have  an  experiential  base  which  says  to  us  that  this 
is  an  extreme  estimate.  We  all  have  lived  through  rainfalls; 
we  know  that  43  inches  is  an  incredible  amount  for  a  single 
day.  We  know  that  what  may  be  true  for  Alvin.  Texas,  is  not 
true  for  the  state  of  Nevada.  We  know  that  what  might 
happen  in  one  day  is  not  going  to  last  for  a  whole  year.  We 
have  some  base  of  knowledge  that  tells  us  that  diis  is  a  voy 
interesting  calculation,  but  it  is  irrelevant  and  off  by  several 
orders  of  magnitude. 

John  Bailar  said  none  of  us  have  the  answers  at  low 
doses.  That  is  true,  but  I  think  the  point  really  is  to  look  at  the 
data.  We  need  to  pull  together  whatever  experience  and 
scientific  Judgement  base  we  have.  We  need  to  look  at  the 
overall  experience,  we  need  to  evaluate  it,  and  we  need  to 
examine  the  arrived  at  luitnbets.  Do  the  numbers  fit  or  not 
with  what  we  know,  and  bow  are  we  going  to  use  that 
information  in  terms  of  practical  public  health  experience? 
To  a  certain  extent,  as  Dale  Hattis  said,  we  can  calculate  the 
uncertainty.  The  data  about  rainfall  is  voluminous,  arxl  we 
could  calculate  the  uncertaimies  in  that  example  to  see  just 
how  for  off  we  are.  However,  there  are  many  areas  where  we 
do  not  have  the  data  to  actually  do  calculations;  consequently , 
we  must  rely  on  the  broad  l»se  of  knowledge  that  we  have 
for  the  area. 

When  this  knowledge  base  is  examined,  interesting 
things  happen.  Dr.  Cold  mentioned  that  there  is  an  incredible 
difference  between  how  we  deal  witii  risk  assessment  num¬ 
bers  in  the  enviroimiental  and  occupational  worids.  For  ex¬ 
ample,  a  number  of  years  ago,  we  were  involved  in  the 
evaluation  of  a  landfill,  where  methane  gas  and  vinyl  chloride 
monomer  were  dissecting  uixierground  to  offoite  locations 
and  coming  up  pipes  into  people’s  bathrooms.  The  methane 
level  wtt  high  enough  to  presem  a  risk  of  explosion,  which 
would  have  been  reason  enough  to  evacuate  the  homes  af¬ 
fected.  The  health  department,  however,  concentrated  its 
efforts  on  die  vir^l  boride  monomer  because  it  was  a 
carcinogen.  They  measured  vinyl  diloride  levels  of  approx¬ 
imately  30  or  40  ppb  in  air  collet^  under  the  bathroom  sink. 
Now,  having  done  a  risk  assessment,  these  proportions  turned 
out  to  be  enough  of  a  carcinogenic  risk  that  there  was  some 
serious  talk  about  possibly  moving  people  out  of  their  homes 
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shoit  tenii  because  of  the  carcinogenic  risk.  These  concentra¬ 
tions  are  about  1/30  of  the  occupational  level  at  which  we  say 
it  is  safe  to  woik  for  a  lifetinie,  even  if  that  is  SO  or  60  years. 
The  juxtaposition  of  the  two  (whether  you  are  a  public  health 
practitioner  or  just  a  member  of  the  public)  is  incredible,  that 
within  the  same  world  and  in  the  same  community  one  could 
think  of  telling  workers  that  these  leveb  are  fine  and  safe  for 
the  rest  of  their  careers,  but  telling  people  in  the  general 
population  that  diey  have  to  move  out  of  their  houses  because 
th^  are  "sensitive  individuals." 

This  is  where  the  risk  of  risk  assessment  comes  itL  The 
issue  is  there  are  many  uiKertainties.  We  cannot  just  apply  a 
model,  provide  an  answer,  and  have  everyone  go  about  their 
business.  We  need  to  examine  the  hypothesis  and  the  situa¬ 
tion;  we  need  to  kiu)w  how  to  apply  this,  artd  even  though  we 
have  numbers  and  answers,  we  to  understand  what  to  do 

with  them.  The  process  of  risk  assessment  is  somewhere 
between  an  art  and  a  science.  Dr.  Houk’s  analogy  is  that  of 
individuals  and  their  stock  brokers.  One  would  prefer  to  have 
a  stock  broker  who  has  a  great  amount  of  fmancial  data,  who 
knows  how  to  deal  with  all  the  macroeconomic  aiul  company 
data,  and  who  can  give  you  a  very  detailed  answer  about  what 
to  do.  On  the  other  hand,  there  are  not  many  of  us  who  would 
believe  that  the  broker’s  aiutwer  is  necessarily  100%  correct 
We  have  to  use  the  informatirm  as  best  we  can  and  recognize 
the  limitations. 

The  risk  assessmem  process  is  distinct  from  the  risk 
rnanagernem  process.  Risk  management  is  the  process  of 
integrating  the  risk  assessment  results  wife  a  variety  of  other 
information  (e.g.,  engineering  data,  socioeconomic  and 
political  concerns,  and  such),  weighing  the  alternatives,  and 
selecting  the  most  appropriate  health  action,  ranging  from 
public  education  to  interdiction  or  so  on.  1  worry  feat,  at  times, 
the  risk  assessmem  process  bends  a  bit  towards  the  risk 
management  process.  For  example,  when  one  examines  how 
different  agencies  conduct  this  process  in  different  settings 
(e,g,.  environmental-occupational),  I  wonder  whether  the 
ways  in  which  we  do  the  risk  assessment,  in  a  sense,  anticipate 
the  environmem  in  which  it  is  done  and  fee  way  in  which  it 
will  be  used. 

From  a  public  health  perapective,  and  looking  at  feis 
practically,  there  are  various  aspects  of  fee  process.  We 
identify  the  hazards  feat  pose  risk  to  public  health  and  well¬ 
being.  and  we  need  to  manage  the  ri^  associated  wife  the 
hazards  prudently  and  in  accord  wife  the  public’s  need.  There 
are  a  variety  of  factors  that  impinge  upon  us.  We  need  to 
acknowledge  the  public’s  participation;  that  is  essential.  We 
need  to  communicate  the  risk  succinctly  to  both  experts  and 
laypersons.  We  need  to  use  information  that  makes  it  possible 
to  arrive  at  an  infonned  estimate  of  risk.  In  managing  each 
significam  risk,  we  need  to  consider  alternative  actions  for 
controlling  the  hazards,  and  we  need  to  advance  fee  risk 
assessmem  and  risk  rnanagernem  process  by  research  to  pro¬ 
vide  infonnatian  feat  reduces  uncertainty. 


As  currently  done,  the  final  product  of  risk  assessment 
may  often  produce  numbers  feat  have  fee  Ulusion  of 
precision;  in  fact,  the  process  involves  many  uncertainties. 
'The  risk  assessment  iiKludes  judgmental  decisions,  and  each 
decision  is  usually  made  on  the  conservative  side.  The  end 
result  is  a  product  wife  many  conservative  judgments  and  is, 
therefore,  an  estimate  of  risk  that  provides  maximum  protec¬ 
tion  to  the  public  health.  The  risk  manager  or  decision-maker 
must  understand  fee  uncertainties  that  underlie  these  assess¬ 
ments.  John  Bailar  used  the  word  "conservative"  and  jux¬ 
taposed  it  wife  the  word  "liberal."  Dr.  Houk  uses  conservative 
and  juxtaposes  it  wife  the  word  radical.  Now,  why  does  he  do 
that?  Whim  I  started  my  career  at  the  Centers  for  Disease 
Control,  we  were  investigating  vinyl  chloride-induced  an¬ 
giosarcomas  of  the  liver.  I  saw  the  very  first  cases  at  the 
paiticular  chemical  polymerization  plant  where  they  were 
found.  This  led  to  emergency  evaluations  by  the  National 
Institute  for  Occupational  Safety  and  Health  and  the  Occupa¬ 
tional  Safety  and  Health  Administration.  This  resulted  in  a 
quick  reduction  of  fee  allowable  dose  in  an  emergency  stand¬ 
ard.  There  was  a  great  concern  that  this  industry  would  not 
survive;  however,  it  did. 

It  can  be  said  that  the  standards  will  drive  the  technology, 
and  people  will  react  if  the  product  is  important  Americans 
and  others  will  figure  out  new  ways  to  make  products.  On  the 
other  hand,  this  is  a  different  world  than  it  was  in  1973  and 
1974.  We  now  face  large  remediation  expenditures  based  on 
risk  assessment  decisions,  for  example,  the  Superfiind  wife 
its  billions  of  dollars  arui  the  staggering  amounts  needed  to 
clean  up  various  sites  at  the  Department  of  Defense,  Depart¬ 
ment  of  Energy,  and  so  on.  At  some  poirtt,  the  govenunent’s 
money  will  run  out  It  is  not  inaf^nopriate  at  this  stage  of  our 
country’s  life  to  think  about  weighing  the  alternatives  for  how 
money  is  spent  Money  spent  on  cleanup  driven  by  the  risk 
assessment  process  may  not  be  available  for  other  prublic 
health  uses.  If  a  billion  dollars  is  spent  cleaning  up  mining 
areas  in  Idaho  arui  Montarut  feat  money  tiuy  rurt  be  available 
for  preventing  millions  of  cases  of  lead  poisoning  in  Bostort 
New  York,  Chicago,  arxl  elsewhere.  These  tradeoffs  will  be 
very  teal  from  the  public  health  point  of  view.  We  need  to 
examine  the  costs  that  ate  driven  by  fee  risk  assessment 
process,  and  we  need  to  develop  alternative  ways  of  using  risk 
assessments. 

Risk  assessors  should  clearly  define  the  differences  be¬ 
tween  the  elements  that  go  into  the  process  such  as  scientific 
fact,  consetuus  assumption,  and  science  policy.  The  defini¬ 
tion  of  scietKe  policy  is  the  Agervy’s  decision  on  how  to 
handle  controversial  issues.  As  otte  goes  down  this  list,  the 
degree  of  certainty  decreases  and  in  most  instances,  scientific 
fact,  the  element  wife  the  most  certainty,  is  the  least  available 
to  us. 

The  following  ate  nine  coitunonly  used  concensus  as¬ 
sumptions: 


1.  When  human  data  are  not  arirquate,  advene  effects  in 
experimental  animals  are  regarded  as  indicative  of  advene 
effects  in  humans. 

2.  Results  obtained  with  dose-response  nudels  can  be  ex¬ 
trapolated  outside  the  range  of  experimental  observations 
to  yield  estimates  or  estimated  iqiper  bounds  of  low-dose 
risk. 

3.  When  an  appropriate  standardized  dosage  scale  is  used, 
the  observed  experimental  results  can  be  extrapolated 
across  species. 

4.  There  is  no  threshold  for  the  production  of  cancer,  but 
threshold  effects  may  an>ly  for  other  toxicological  out¬ 
comes. 

5.  When  dose  rates  are  not  constant,  average  doses  give  a 
reasonable  measure  of  exposure. 

6.  In  the  absence  of  pharmacokinetic  data,  the  effect  or  target 
dose  is  assumed  to  be  proportional  to  the  administered 
dose. 

7.  Risks  horn  truuiy  exposures  and  from  many  sources  of 
exposure  to  the  sanre  chemical  are  usually  assumed  to  be 
additive. 

8.  In  the  absence  of  evidence  to  the  contrary  and  regardless 
of  the  route  of  exposure,  100%  absorption  across  species 
is  assumed. 

9.  Results  associated  with  a  specific  route  of  exposure  are 
potentially  relevant  for  other  routes  of  exposure. 

These  assumptions  are  used  and  ultimately  need  to  be 
validated.  We  cannot  go  on  forever  calling  them  conservative 
assumptions  because,  ultimately,  we  have  to  live  with  them 
for  a  long  time.  We  must  strive  to  leam  how  far  and  in  what 
direction  these  assumptions  differ  from  the  truth.  This  a  very 
critical  part  of  future  needs.  Any  risk  assessment  deals  wiA 
many  more  assumptions  and  uncertainties  than  the  nine  listed, 
and  this  must  be  emphasized  as  much  as  possible. 

Another  critical  area  is  the  evaluation  of  the  scientific 
study,  whether  it  is  epidemiologic  or  toxicologic.  In  working 
with  risk  assessment,  one  must  bear  in  mirKi  the  quality  of  the 
scientific  study.  Le.,  the  adequacy  and  appropriateness  ofthe 
experimental  design;  the  qurility,  competency,  and  complete¬ 
ness  with  which  the  study  was  carried  out  and  rqxnted;  and 
the  quality  of  the  evaluation  and  interpretation  of  the  test 
results.  When  addressing  the  caliber  of  the  evaluation  and 
interpretation  of  results  from  epidemiologic  the 

reliability  of  die  data  would  be  increased  given  the  following 
factors: 

•  Are  the  arrived  at  results  from  well-designed  and  well- 
executed  case-control  and  cohort  studies  that  are  free 
of  bias? 

•  Do  the  results  display  a  strong  association,  not  likely 
due  to  chance  variation? 

•  Do  they  follow  a  logical,  temporal  sequence  of  exposure 


response? 

•  Have  they  been  replicated  in  a  variety  of  settings? 

•  Do  they  exhibit  a  dose-response  relationship? 

•  Are  they  toxicologically  plausible? 

Similarly,  when  looking  at  animal  experimentation,  are  die 
results  replicated  in  more  than  one  experimentrd  setting, 
species,  strain,  or,  when  appropriate,  gen^  or  sex?  Do  they 
exhibit  a  dose-response  n^onship?  Are  they  based  on  a 
dosing  regimen  or  route  of  exposure  similar  to  that  likely  to 
be  encountered  by  humans?  fr  the  test  animal  employed  in 
the  experiment  known  to  or  likely  to  process  (i.e.,  absorb, 
metabolize,  excrete)  the  test  chemical  in  the  same  or  similar 
manner  as  humans.? 

In  many  instances,  we  find  situations  where  the  results 
of  a  risk  assessment  may  not  be  plruisible  based  on  what  we 
know  about  the  world.  Dr.  Houk  is  concerned  about,  for 
exanqile,  trichloroethylene  and  perchloroethylene,  and  the 
differences  between  the  experimental  and  epidemiological 
data.  One  example  that  I  came  across  was  when  I  was  working 
on  vinyl  chloride.  Most  of  the  100  plus  cases  of  vinyl 
chloride-induced  angiosarcoma  of  the  liver  that  were  ever 
identified  were  in  workers.  To  determine  if  there  was  the 
possibility  of  neighborhood  cases,  I  collected  all  the  cases  that 
could  be  found  in  the  whole  country  for  an  1 1-year  period  to 
see  whether  these  diagnosed  individuals  lived  near  the  boun¬ 
daries  of  chemical  production  facilities.  Very  few  to  almost 
none  were  found,  but  that  was  in  the  years  19Mto  1974.  With 
a  SO-  or  60-year  latency,  and  it  may  take  that  long  for  the 
nei^borhood  cases  to  occur,  there  still  might  be  some  oc¬ 
curences.  If  someone  actually  went  to  look  for  them,  cases 
might  be  fouttd.  Because  this  is  a  very  rare  disease,  it  is 
actually  possible  to  find  the  bulk  of  cases  in  the  country .  There 
have  been  risk  assessments  that  look  at  vinyl  chloride.  They 
look  at  vinyl  chloride-induced  cases  in  the  general  population 
on  a  risk  assessment  basis  and  come  up  with  calculations  of 
1  in  10,000  risk  to  people  living  near  chemical  production 
facilities.  This  is  an  issue  that  can  be  studied.  I  think  it  is 
important  to  the  extent  possible  to  actually  apply  real-world 
knowledge,  epidemiologic  studies,  studies  of  hurtuuis,  to 
these  kinds  of  issues  to  try  to  answer  them. 

One  of  the  risks  of  risk  assessment  is  that  the  public  has 
difiBculty  dealing  with  some  of  the  numbers.  They  must  be 
helped  to  understand  the  difference  between  upper  bounds 
and  estimates;  they  must  understand  the  difference  between 
lifetime  risks  and  annual  risks.  I  am  not  sure  the  general 
population  understands  that  a  one  in  a  million  risk  applied  to 
a  group  of  30  people  has  a  different  contratation  than  when 
applied  to  the  entire  country,  and  I  think  we  have  to  live  with 
these  kinds  of  basic  understandings.  It  is  interesting  to  ex¬ 
amine  the  things  that  relate  to  one  in  a  million  risk:  3/4  of  a 
cigarette,  OJ  liter  of  wine,  OJ  minutes  of  rock  climbing,  40 
tablespoons  of  peanut  butter,  living  for  1  day  stage  12,  many 
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yeais  of  living  with  dioxins  in  soil  at  some  level  that  com¬ 
monly  occurs,  and  so  on. 

In  conclusion,  I  would  like  to  make  some  recommenda¬ 
tions  for  reseaich  in  die  three  areas  of  general  toxicology, 
estimating  and  projecting  risk,  and  epidemiology.  First,  I 
would  suggest  five  proposals  in  the  area  of  general  toxicol¬ 
ogy:  1)  enhance  research  on  the  interaction  between  toxic 
ch^cals  and  genetically  susceptible  hosts;  2)  enhance  the 
development  and  improvement  of  in  vitro  and  in  vivo  predic¬ 
tive  toxicology  systems;  3)  enhance  the  development  and 
improvement  of  biomarkets  as  early  indices  of  exposure  and 
as  early  diagnostic  sentinels  with  specificity  in  predicting 
health  outcomes  of  individuals;  4)  encourage  experimental 
research  clarifying  the  relationship  of  animal  variables  such 
as  weight  and  dietary  composition  on  the  molecular  busis  of 
toxicologic  ettd  points;  and  5)  encourage  the  development  of 
interspecies  comparison  in  toxicologic  research  to  tetter  un¬ 
derstand  and  better  predict  qualitative  and  quantitative  dif¬ 
ferences  in  the  response  to  toxic  chemicals. 

Suggestions  with  regard  to  estimating  artd  projecting  risk 
iiKlude:  1 )  encourage  the  development  and  validation,  when 
possible,  of  mechanistically  based  mathematical  models  par¬ 
ticularly  for  noncancer  health  outcomes;  2)  etKourage  the 


validation  of  the  assumptions  used  in  risk  assessment  ap¬ 
proaches;  and  3)  etKourage  the  development  of  exposure 
assessment  and  dose-response  assessment  aimed  at  dealing 
with  the  prediction  of  risk  from  human  exposure  to  ttuuiy 
chemicals  by  many  media  routes  at  varying  levels. 

Suggestions  for  epidemiology  itKlude:  1)  etKourage 
epidemiologic  studies  aimed  at  testing  the  accuracy  of  risk 
projections  derived  from  animal  data  and  modeling;  2)  ensure 
that  exposure  and  disease  registries  are  established  when  they 
are  scientifically  justified  and  helpful  in  terms  of  qpidemio- 
logic  studies;  3)  encourage  epidemiologic  studies  that  incor¬ 
porate  biochemical  and  T.olecular  probes  to  clarify 
expos  'jxe^.  precursor  states,  and  mechanisms  of  actions;  atxi 
4)  etKourage  epidemiologic  studies  that  evaluate  interactions 
between  toxic  chemicals,  life  styles,  and  host  susceptibility. 

We  tteed  to  continue  to  use  risk  assessment  In  the 
absetKe  of  more  certain  data,  risk  assessment  is  all  we  have, 
and  just  as  it  should  not  be  dr';igrated  as  not  helpful  because 
of  its  iiKvitable  limitations,  tKither  should  it  be  oversold  as  a 
panacea.  We  must  apply  risk  assessment  with  the  soundest 
professional  and  scientific  judgment  available  in  order  to 
shape  public  policy  that  is  scientifically  defensible. 
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1.  ASSESSING  RISK  OF  RELATED  CHEMICALS:  CURRENT  REGULATORY 

PRACTICE  AND  ADDITIONAL  OPTIONS 

Rasha  M.  Putzrath,  Duncan  Turnbull 

Environ  Corp.,  4350  N.  Fairfkz  Or.,  Arlington,  VA  22203 


Risk  aiMsament  ehamicala  roliet  on  an  aMosamont  of  the  tozie  effeeta  that  may  occur  aa  well  aa  the 
doaaa  at  which  aueh  effects  may  occur  (Le.,  the  potency).  Closely  related  chemicals  are  often  assumed 
to  have  similar  tozie  effects  but  with  differing  potencies.  If  data  were  available  for  all  endpoints  for  all 
chemicals  within  a  family,  dedaions  would  be  simple.  In  the  absence  of  data,  however,  regulatory 
practiee  has  differed.  For  example,  different  congeners  of  polychlorinated  dibenzo-pdioxina  (PCDDs) 
are  assigned  different  cardnogenic  potendea  based  on  results  from  a  combinati<m  ^cancer  bioassays 
and  short*term  tests.  Relying  solely  on  ahort*term  tests,  the  information  on  PCODs  has  been 
extrapolated  to  polychlorinated  dibensofurans.  In  contrast,  even  though  several  mixtures  of 
polychlorinated  biphenyls  (PCBs)  have  been  examined  in  cancer  bioaasays  with  differing  results,  the 
Environmental  Protection  Agency  (EPA)  currently  assumes  all  PCB  mixtures  are  of  equivalent 
potency.  Although  a  third  family  of  chemicals,  the  ^orinated  ethanes,  includes  a  human  carcinogen 
(vinyl  chloride),  not  all  of  the  members  of  this  fkmily  are  treated  as  cardnogens  by  EPA  (e.g.,  trans- 
1,2-diehloroetheiM).  The  implications  for  risk  assessment  of  these  divergent  approaches  to  families  of 
diemieals  will  be  presented  along  with  consideration  a[  alternatives  for  the  relative  potency  of 
various  mixtures  of  PCBs. 
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DEMOGRAPHIC  CHARACTERISTICS  AND  CAREER  EXPOSURE  PROFILES  OF 
ARMY  SOLDIERS 


David  L.  Parmer,  Joseph  T.  Allen,  John  Y.  Young 


U.S.  Army  Biomedical  Research  and  Development  Laboratory,  Fort  Detrick,  Frederick,  MD  21702> 
5010 


Army  personnel  have  career  assignments  and  individual  job  duties  that  follow  certain  predictable 
patterns.  These  assignments  and  job  duties  expose  soldiers  to  haxardous  chemicals  that  are  clearly 
different  than  exposure  profiles  that  exist  in  dviiian  industry.  Soldiers  remain  in  the  working  aspects 
of  their  military  occupational  specialty  (MOS)  for  approximately  15  years  before  being  promoted  into 
positions  with  duties  that  are  mainly  administrative.  Career  assignment  patterns  during  this  15-year 
period  have  been  identified.  Vifithin  each  assignment,  regular  rotations  between  field  exerdses  and 
garrison  administrative,  maintenance,  and  training  periods  occur.  Differences  between  assignments 
are  mainly  associated  with  rank.  Because  these  career  assignment  patterns  are  somewhat 
jvedictable,  periods  of  potential  exposure  can  be  reliably  estimated.  Studies  of  exposures  to  chemicals 
in  the  field  workplace  can  be  extrapolated  into  these  periods  of  potential  exposure  and  used  to  derive 
career  exposure  estimates.  Demographic  profiles  have  also  been  developed  that  allow  an  examination 
of  age,  rank,  time  in  service,  sex,  and  race  structure  for  each  MOS.  This  type  of  information  is  usefiti 
for  developing  information  on  susceptible  subpopulations  which  can  be  applied  to  risk  estimates  or 
military-unique  standards.  The  U.S.  Army  Bioehemieal  Research  and  Development  Laboratory  has 
develoiMd  preliminary  career  exposure  profiles  and  demographics  for  Armored  Vehicle  Crewmen  and 
Smoke  GcMrator  Operators  to  illustrate  the  nature  data  available  for  these  MOSs. 


3.  ECOLOGICAL  RISK  ASSESSMENT  AT  ABERDEEN  PROVINO  GROUND, 

MARYLAND 

Judi  L.  Durda,  Barbara  Turnham 

Clement  International  Corp.,  9300  Lee  Highway,  Fairfax,  VA  22031 


Potential  ecological  impact!  associated  with  past  chemical  agent  testing,  munitions  testing,  and  waste 
disposal  are  being  evaluated  for  ei^t  soUd  waste  management  units  (SWMUs)  at  Aberdeen  Proving 
Ground  (APG)  in  Maryland.  Aberdeen  Proving  Grotind  consists  of  approximately  80,000  acres  of 
coastal  plain  uplands,  wetlands,  and  estuary  on  the  upper  Chesapeake  ^y.  The  site  supports  diverse 
terrestrial  wildlife  populations,  including  large  breeding  and  over>wintering  populations  of  the 
federally  endangered  bald  eagle.  In  addition,  the  waters  surrounding  APG  provide  critical  spawnixig 
and  nursery  habitat  for  approximately  40  of  the  60  fish  species  that  occur  in  the  upper  Bay  as  eggs  or 
larvae.  The  primary  focus  of  the  ecological  assessment  is  potential  impacts  to  the  fishery,  although 
the  potential  impacts  in  terrestrial  species  also  will  be  evaluated.  Population>level  impacts  in  selected 
aquatic  spedes  will  be  assessed  using  matrix-type  population  models  axid  estimates  of  age-specific 
fecundity  and  mortality.  Species  to  be  evaluated  will  be  selected  based  on  considerations  of  life  history 
and  the  spatial  and  temporal  distribution  of  the  various  species  relative  to  the  SWMU  locations. 
Toxidty  data  ranging  from  lifecycle  tests  to  quantitative  structure-activity  relationships  will  be  used 
in  the  assessment  The  results  of  the  risk  assessment  will  be  used  to  identify  those  areas  where 
ftirther  study  is  needed. 
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4.  ORDNANCE  CHEMICAL  DEGRADATION  PRODUCTS:  CONSEQUENCES  OF 

EXCLUSION  FROM  RISK  ASSESSMENTS 


Barban  Turnham,  Judi  L.  Durda 

Clement  International  Corp.,  9300  Lee  Highway,  Fairfax,  VA  22031 


For  a  variety  of  reasons,  including  resource  and  analytical  limitations  and  availability  of  toxicity 
information,  ordnance  chemical  degradation  products  often  are  not  evaluated  as  part  of  remedial 
investigation  studies.  However,  failure  to  include  such  chemicals  in  these  studies  contributes  to 
uncertainties  and  may  result  in  iuider*estiniatbn  of  exposures  and  risk. 

Degradation  products  and  their  parent  compounds  are  compared  with  respect  to  their  fate,  transport 
eharacteristies,  and  toxicity.  Solubility  a^  half-Ufe  are  used  as  crude  measures  of  mobility  and 
persistence.  LDso  values  are  used  as  general  measures  oftoxicity  due  to  the  paucity  of  chronic  toxicity 
data  for  the  less  well  studied  breakdown  products.  Parent  compounds  and  breakdown  products  that 
exhibit  significantly  different  fate,  transport,  and  toxicity  characteristics  are  identified.  Based  on  this 
informatioa,  the  consequences  o£  excluding  degradation  products  from  the  risk  assessment  are 
discussed  qualitatively.  This  information  may  be  useful  in  designing  remedial  sampling  plans  that 
address  degradation  products  that  may  contribute  significantly  to  exposures  and  risk. 


S.  A  RISK-BASED  PROGRAM  FOR  SCREENING  CONTABflNATION  LEVELS  AT 

HAZARDOUS  WASTE  SITES 

M.  Stafford,  C  A.  Pkkrol 

Matealf  A  Eddy,  Inc.,  2800  Corporate  Exchange  Drive,  Suite  250,  Columbua,  OH  43231 


A  computer  program  ia  presented  which  allows  initial  screening  of  contaminant  levels  at  a  hazardous 
waste  site  to  decide  when  further,  more  detailed  health  risk  analysis  is  required.  Standard 
assumptions,  recommended  by  the  U.S.  EPA  for  use  in  health  risk  assessments,  are  used  to  compute 
screening  eoncentrationa  in  air,  soil,  ground  water,  and  surface  water. 

This  program  allows  far  prioritization  of  contaminant  data  at  hazardous  waste  sites  so  that  chemicals 
that  require  additional  azudyses  for  health  risks  can  be  separated  from  chemicals  that  do  not  require 
further  study.  The  apinuach  could  be  used  to  dedda  which  analytical  techniques  are  necessary 
(Le.,  whether  or  not  expensive,  low-detection  level  methods  are  justified). 

Screening  concentrations  are  computed  baaed  on  standard  risk  assessment  relationships  and 
assumptions,  rather  than  detection  above  background.  The  program  computes  both  short-  azui  long¬ 
term  exposures  from  all  likely  pathways  for  each  contaminant  and  reports  the  lowest  screening  levels 
for  any  pathway.  In  addition,  a  safety  factor  is  introduced  in  the  program  to  account  for  the  additive 
exposures  frem  different  pathways  and  contaminants.  The  default  value  of  the  safety  factor  is  100, 
which  means  that  screening  levels  should  result  in  exposures  oi  less  than  one  percent  of  accepted 
values.  The  safety  fhetor  is  variable  to  account  fw  site-specific  conditions. 

The  calculation  methods  and  assumptions  built  into  the  {vogram  are  described,  as  well  as  uses  and 
limitations  of  the  approadL  A  sample  case  study  is  provid^ 
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f.  RISK  ASSESSMENT  OF  MUNITIONS  CHEMICALS  TO  DEVELOP  DRINKING 

WATER  HEALTH  ADVISORIES 


Wallbrd  C.  Roberts,  Krishan  Khanna,  Edward  V.  Ohanian 

Office  of  Drinking  Water,  U.S.  EPA,  401 M  Street,  S.W.,  Washington,  DC  20460 


The  U.S.  Army  and  the  U.S.  Environmental  Protection  Agency  (EPA)  established  a  Memorandum  of 
Understanding  to  cooperate  in  developing  Health  Advisories  (HA)  on  munitions  diamicals  that  may 
occur  in  drinldng  water.  Health  Advisories,  developed  by  the  Office  of  Drinking  Water,  describe 
nonregulatory  concentrations  of  drinldng  water  contaminants  at  which  advene  health  effects  are  not 
anticipated  to  occur  over  spedfie  exposure  durations.  They  provide  informal  technical  guidance  that 
assists  public  health  officials  when  contaminations  occur. 

Health  Advisories  are  developed  fbr  One-day,  Ten-day,  Longer-term  (7  yean  or  10%  lifetime)  and 
lifetime  exposures  based  on  noncareinogenic  toxidty.  A  threshold  dose  -nsponse  nlationship  is 
assumed. 

Lifetime  HAa  an  not  recommended  for  known  or  probable  human  carcinogens.  A  potency  value  (unit 
risk)  may  be  used  to  calculate  risk  for  a  lifetime  exposun  to  carcinogens  in  drinking  water.  The  unit 
risk  usually  is  derived  firom  the  linearised  multistage  model  with  95%  upper  confidence  limits  and 
provides  an  approximation  ofcancer  risk  that  may  most  The  value  is  only  an  estimate  because  cancer 
risk  can  vary  ^  orders  of  magnitude  when  other  models  (e.g.,  the  One-hit,  Weibull,  Logit  and  Probit 
models)  are  employed.  Current  understanding  of  earcinogenie  mechanisms  do  not  suggest  that  any 
one  model  can  preset  risk  more  accurately  than  another. 

Published  Ufetinie  HAs  (micrograms  per  liter  (pgffiB  include: 
mtroglycerin  (5pg(L),  Nitrocellulose  (not  toxic), 

Trini^toluene  (2  pg4<),  RDX  (2  pg(L),  HMX  (400  pg(L),  and 
Diiaopropylmethyl  ptmaphonate  (600  pg/L). 
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A  RISK-BASED  METHOD  FOR  SETTINO  SOIL  CLEANUP  LEVELS  AT 
HAZARDOUS  WASTE  SITES 


JbhnHaubeek,  Andrew  Huggins 

Environments!  Resources  Management,  Inc.,  856  Springdale  Dr.,  Eaton,  PA  19341 


Cleanup  of  hazardous  waste  sites  is  often  driven  by  remediation  of  contaminated  soils.  This  is  true 
both  for  protecting  human  health  and  the  environment,  as  well  as  in  terms  of  the  total  remedial  cost. 
Soil  remmliation  often  accounts  for  a  substantial  portion  of  the  total  cleanup  cost  It  is  vital  that 
rational  methods  are  used  to  evaluate  alternatives  for  soil  remediation  to  ensure  adequate  protection 
of  public  health  while  avoiding  unnecessary  costs. 

This  paper  presents  a  method  for  evaluating  the  residual  risk  presented  by  chemicals  left  in  soils  at 
hazai^us  waste  sites.  The  approach  focuses  on  exposure  to  humans  via  domestic  use  of  contaminated 
ground  water.  Although  analytical  equations  are  presented  for  each  fate  and  transport  component  of 
the  exposure  pathway,  the  conceptual  approach  is  amenable  to  the  insertion  of  any  specific  fote  and 
transport  model,  including  sophisticated  numerical  studies  of  chemical  transport. 

A  recant  ease  study  is  discussed  where  the  approach  presented  was  used  to  back-calculate  acceptable 
soil  concentrations  for  26  organic  chemicals  at  a  Superfund  site  in  Pennsylvania.  Although  back- 
calculation  is  useful  for  sotting  initial  cleanup  goals,  the  method  is  unable  to  account  for  the  specific 
performance  of  the  remedial  alternative  chosen.  The^ore,  a  forward  assessment  of  residual  site  risks 
should  be  performed  for  evaluating  the  final  attainment  of  cleanup  objectives. 


t.  UNCERTAINTIES  IN  RISK  ASSESSMENT:  USES  IN  RISK  MAN AGEMEi^  C  AND 

RESEARCH  PRIORITIES 


Stephan  L.  Brown 

Environ  Corp.,  4350  N.  Fairfax  Dr.,  Suite  300,  Arlington,  VA  22203 


A  graphical  display  of  uneertaintias  in  canear  risk  assessment  has  been  developed  that  shows  various 
eomhinadona  maximum  individual  risk  and  population  risk  (inddenee)  in  terms  of  sufageetively 
datermined  ivobabUities  that  thay  are  nearest  to  being  "true.”  Eadi  estiaaato  is  derived  by 
estimates  of  cancer  potency,  maximum  exposure,  average  exposure,  and  number  of  people  exposed. 

A  criterion  bond  that  shows  combinations  of  mdividual  risk  and  population  risk  tK*t  are 

"acceptable”  can  be  plotted  on  the  same  axes.  Visual  inspection  th»n  suggests  whether  the  risk 
situation  portrayed  is  reasonably  judged  to  be  "safe”  (implying  that  no  action  needs  to  be  taken), 
"unsafe”  (meaning  that  controls  should  be  imposed  without  fiirther  investigation),  or  "indeterminate” 
(meaning  that  fiuther  risk  characterization  is  desirable  before  a  risk  is 

finalized).  The  patterns  also  may  be  examined  to  decide  which  aspectfs)  of  the  risk  estimates 
contribute  most  to  uncertainty  in  risk  management  and  are  therefore  leading  tyandidates  for  fiirther 
research. 
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RISK  ASSESSMENT  USING  STATISTICAL  ESTIMATES  OF  KEY  PROCESS  AND 
POPULATION  EXPOSURES  IN  THE  SERVICE  AREA  OF  AN  ABIERICAN  ARMY 
MEDICAL  CENTER  IN  THE  FEDERAL  REPUBUC  OF  GERBIANY 


MarkGeigvr 

M.B.O.  Oeeupational/Enviroiiinental  Anodataa,  Inc.,  885  Post  Road,  Brookfield,  WI 53006 


Quaatificatioa  of  personnel  exposures  in  a  large  group  at  military  installations  served  by  a  U.S.  Army 
center  in  West  Germany  was  initiated  following  a  preliminary  survey  of  worksites  by 
teehnidan-level  staff.  Severe  limitations  on  professional  stiff,  necessitated  <tevelopment  of  an 
approach  in  which  characteristie  and  "worst  ease”  operations  were  evaluated  initially.  Data  was 
pooled  to  estimate  the  exposure  of  specific  ivocesses  a^  by  inference  the  range  of  exposures  of  larger 
populations.  Several  eritical  processes  and  operations  were  identified  as  accounting  for  a  high 
proportion  (approximatsly  80%)  d  the  chemical  agent  exposures.  This  data  indicates  the  most  severe 
e]q)osures  are  to  heavy  generated  in  abrasive  paint  removal  and  welding  operations. 

Deficiencies  in  available  engineering  control  measures  and  protective  equipment  were  common  and 
tended  to  be  similar  throughout  various  workplaces.  In  this  situation,  a  program>wide  approach  is 
stron^y  recommended  to  correct  the  occupational  exposures  based  upon  the  group  of  worksites  as  a 
whole  rather  than  on  an  individual  basis. 


10.  UNCERTAINTY  IN  ESTIMATING  EXPOSURES  TO  HAZARDOUS  CHEMICALS 

FROM  WASTEWATER  TREATMENT  LAGOONS  PORBfERLY  USED  FOR 
DISPOSAL  OF  HAZARDOUS  WASTE 


EJ.  Hixson,  R.E.  Jenniiiga 

Radian  Corp.,  P.O.  Box  201088,  Austin,  TX  78720>1088 


Tha  quality  of  a  huiran  hsalth  risk  assassmant  is  tiad  to  tha  data  on  which  it  is  based.  Specific  data 
needs  for  a  quantitativa  risk  assassmant  include:  identification  of  tha  contaminants  present  at  the 
site,  accorate  quantitative  chanxtarixation  of  tha  nature  and  extant  of  contamination,  identification 
of  exposure  points  at  which  omtact  with  tha  contaminants  may  occur,  information  regarding  tha 
>.queney  and  magnitude  of  contact,  tha  adverse  health  effects  produced  by  each  contaminant,  and 
identification  of  tha  population(s)  exposed.  Current  guidance  available  from  tha  Environmental 
Protection  Agenqr  (EPA)  assumes  all  these  data  will  be  available. 

Risk  assessments  for  the  Department  of  Defense  present  special  challenges  because  some  o£  these 
needs  may  not  be  met  to  the  extent  required  by  guidance.  The  authors  recently  completed  a 
quantitative  risk  assessment  in  which  t^  extent  of  contamination  was  not  fiilly  characterized  for  ail 
environmental  media  known  or  reasonably  suspected  to  be  contaminated.  A  series  of  modeling  steps 
was  required  to  estimate  the  concentrations  of  contaminants  in  all  media.  The  use  of  a  series  of  models 
probably  overestimated  the  extent  of  contaminatUm.  The  resulting  estimates  of  carcinogenic  and 
noncardnogenic  risk  were  in  excesa  of  levels  generally  considered  acceptable.  Because  the  *true* 
extent  of  contaminatinn  is  unknown,  it  is  not  possible  to  estimate  the  contribution  of  multiple 
modeling  to  the  excess  risk  identifi^  The  presentation  will  demonstrate  how  each  successive 
modeling  step  introduced  additional  conservatism  into  the  risk  assessment;  the  impact  of  multiple 
modeling  will  be  sisssssd  qualitatively  by  examining  the  effocts  on  different  exposure  routes. 
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11.  INHALATION  OF  VOLATILE  CHEMICALS  FROM  RESIDENTIAL  USE  OF 
CONTAMINATED  WATER 


Soadra  A.  Smith,  Ravindar  Joseph,  E.  Jane  Hixfon 
Radian  Corporation,  P.O.  Box  201088,  Austin,  TX  78720-1088 


Indoor  emissions  may  occur  as  a  result  of  volatilization  of  chemicals  indoors  during  use  of 
contaminated  water  (e.g.,  while  showering).  Based  on  air-water  partition  coefBcients  and  ventilation 
equations,  it  can  be  predicted  that  indoor  use  of  water  contaminate  with  volatile  compounds  will  pose 
as  great  or  greater  health  risk  to  residents  as  drinking  2  Uday  (standard  drinking  water  ingestion 
rate)  of  the  water.  Indoor  air  sampling  data  supports  the  potential  significance  of  whalation 
exposure  to  contaminants  in  the  water  supply.  Despite  this  potential,  available  guidance  on  how  to 
quantify  exposure  to  chemicals  that  volatilize  firam  the  water  during  home  use  is  sketchy. 

For  the  baseline  risk  assessment  of  a  site  involving  contaminated  ground  water,  the  authors  devised  a 
methodology  to  quantify  inhalation  exposure  while  showering,  operating  a  dishwasher,  and  operating 
a  washing  card^ine.  The  methodology  involves  assumptions  and  algorithms  to  estimate: 
(1)  concen  ixaaocs  of  chemicals  in  the  breathing  zone  as  a  result  of  these  activities;  and  (2)  inhalation 
intake  by  {potentially  exposed  individuals.  Necessary  assumptions  included  answering  questions  such 
as:  what  is  the  air  exchange  rate  in  a  "typical”  bathroom?;  what  is  the  water-flow  rate  from  the 
"typical”  shower?;  how  long  is  the  cycle  time  of  a  "typical”  dishwasher  and  washing  machine?;  and  how 
mudi  time  does  a  person  spend  unloading  the  dishwasher  and  washing  machine?  A  set  of  data  used  to 
answer  these  and  other  questions  will  be  presented  and  the  resulting  contribution  of  inhalation 
exposures  in  thw  home  will  be  discussed. 
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12.  HEPATIC  MODELS  IN  RISK  ASSESSMENT 


Peter  J.  Robinson 

The  Procter  end  Gamble  Company,  Human  Environmental  Safety  Division,  Miami  Valley 

Laboratories,  P.O.  Box  398707,  Cincinnati.  OH  45237-8707 


By  incorporating  relevant  physiological  biochemical  parameters  into  different  mathematical 
gtroctures.  different  physiologically  baaed  pharmacokinetic,  or  PBPK  models  may  lead  to  different 
predictions  in  risk  assessment  In  the  sear^  for  accuracy  and  predictive  power,  PBPK  models  have 
developed  in  complexity  from  compartmental  models  to  homogeneous  capillary  models  (in  which  all 
capillaries  are  assumed  functionally  identical),  to  heterogeneous  capillary  models  (in  which  there  are 
distributions  of  pharmacokinetieally  relevant  properties  such  as  capillary  flows  or  enzyme 

contents). 

In  the  liver,  this  progression  is  illtistrated  by  the  venous  equilibration  (v.e.)  model,  the  undistributed 
peifusion  (u.s.p.)  model,  the  distnhuted  sinusoidal  perfusion  (d.s.p.)  model.  Although 
these  models  may  fit  spedfic  data  sets  equally  well  (as  measured  for  example,  by  least  squares),  they 
may  predict  quite  different  values  for  certain  common  pharmacokinetic  parameters  (such  as  the 
MiahjfHit  constant  Km).  Becatise  they  are  often  used  to  extrapolate  far  beyond  the  ranges  in  which 
they  are  tested  experimentally,  the  models  may  lead  to  quite  different  assessments  of  risk.  It  is 
therefore  important  to  test  the  models  by  spedfic  experiments  designed  to  discriminate  between  them. 
For  example,  Keiding  St  Chiarantini,  J,  Pharmacol.  Exp.  Ther.  205, 465, 1978,  refuted  the  v.e.  xnodel 
by  flow  chan^  experiments  in  rat  livers,  whereas  the  u.s.p.  model  was  refuted  in  favor  of  the  d.s.p. 
model  in  pig  livers  by  Bass  St  Robinson,  tiierooaoc.  Re$.  22, 43, 1981.  So  far,  the  d.s.p.  model  has  not 
been  experimentally  refiited,  and  remains  the  model  of  choice  in  risk  assessment 

By  using  these  models  in  coqjunction  with  standard  interspedes  scaling  techniques  for  hepatic  blood 
flow  and  mmtimnm  elimination  capadty  Vmax,  explidt  expressions  can  be  derived  relating  the 
(measured)  extraction  fraction  for  rat  liver  with  the  (predict^)  extraction  fraction  for  human  liver 
according  to  all  three  models  for  both  first-order  elimiration  and  general  Michaelis-Menten  kinetics. 
The  v.e.  and  u.s.p.  models  retain  their  usefulness  by  providing  upper  and  lower  bounds  on  such 
extrapolations. 
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13.  ON  THE  CHEMICAL  RISK  FROM  NUCLEAR  WASTE  REPOSITORIES 


LanPemon 

Swadish  Radiation  Protection  Institute,  Box  60204,  S*104  01,  Stockholm,  Sweden 


Hi|^  acute  doses  of  radiation  or  high,  acute  intakes  of  chemical  poisons  can  produce  deleterious 
effects.  For  these  cases,  the  risk  for  lethality  can  be  used  to  compare  chemi^  and  radiological 
tozicities.  Such  comparisons  are  of  a  very  limited  value  in  the  study  of  nuclear  waste  repositories 
because  large,  single  intakes  of  contaminants  are  unlikely.  A  much  more  likely  situation  is  ^e  intake 
of  very  small  ({uantities  of  contaminants  involving  either  a  radiological  risk,  or  a  chemical  risk,  or 
both  types  of  risks.  Apart  from  their  radiotoxieity,  the  elements  introduced  in  a  nuclear  waste 
repositoiy  may  exhibit  a  certain  chemical  toxicity.  Although,  in  the  short  term,  the  radiological 
toxicity  of  the  materials  in  a  nuclear  waste  repository  is  of  primary  concern,  the  potential  chemical 
toxicity  should  not  be  overlooked.  In  the  longer  time  frame  (some  hundred  thousands  of  years),  as 
radioactive  decay  depletes  the  radionuclides,  the  chemical  toxicity  may  even  become  the  dominant 
risk.  The  methodical  tools  applied  for  the  ra^tion  safety  analysis  of  a  repository  for  nuclear  waste 
are  also  suitable  for  the  chenii^  components.  In  this  paper,  the  literature  in  the  field  is  reviewed  and 
some  conclusions  are  drawn  concerning  the  chemical  ride  of  nuclear  waste  repositories. 


A-13 


14.  PARAMETER  SENSITIVITY  IN  PBPK  MODELS  OF  METHYLENE  CHLORIDE 


Tw-Baa  L«ei,  Harvey  J.  Clewell^,  Jeffery  Fiaher^,  Robert  L.  Carpenter^ 

^Argonne  National  Laboratory,  9700  S.  Cass  Avenue,  Argonne  IL  60439 
^Aeronautieal  Systems  Division,  Wrif^t-Patterson  AfR,  OH  45433 
^Armstrong  Laboratory,  Wright-Patterson  AFB,  OH  45^3 

4Naval  Medical  Research  Institute  Detachment  (Toxicology),  Wright-Patterson  AFB,  OH  45433. 


Application  of  physiologically  based  pharmacokinetic  (PBPK)  modeling  to  dose  surrogate  calculations 
a^  interspecies  extrapolation  provides  a  useful  logical  basis  for  quantitative  risk  assessment 
However,  these  applications  raise  additional  concerns  as  to  the  sensitivity  of  model  outcome  to  the 
choice  of  model  parameter  values.  This  is  of  particular  concern  when  trying  to  estimate  the 
uncertainty  in  model  extrapolations  as  a  result  of  uncertainty  in  model  parameter  values.  The  fact 
that  these  models  represent  biological  entities  adds  constraints  to  tlm  estimation  parameter 
sensitivity.  It  is  necessary  to  vary  model  parameters  in  a  biologically  realistic  fashion  in  order  to  not 
introduce  artifacts  in  the  sensitivity  analysis  process. 

We  have  examined  the  sensitivity  of  output  variates  to  changes  in  model  parameters  of  a  methylene 
chloride  PBPK  model.  Output  variates  for  both  parent  compound  and  pathway  dose  metrics  were 
examined.  Results  of  these  analyses  will  be  presented  as  a  ftinction  of  species  a^  parent  compound 
dose. 
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IS.  RISK  ASSESSMENT  FOR  THE  NEW  BRIGHTON/ARDEN  HILLS  SUPERFUND 
SITE 


Tom  Barounis^,  Pinaki  Banazjee^,  Erie  Morton^,  Mm‘id  Chaudhry^ 

1U.S.  Environmental  Protection  Agency,  Region  5,  Chicago,  IL 
SPRC  Environmental  Management,  Inc. 


PRC  Environmental  Management,  Inc.  (PRO  prepared  a  draft  risk  assessment  report  (RA)  for  the 
United  States  Environmental  Protection  Agency  (EPA)  assessing  the  risks  to  huxnan  health  posed  by 
the  New  Brighton/Arden  HUls  Superfiind  site  in  Ramsey  County,  Minnesota.  The  site  is  ranked 
No.  43  on  the  National  Priorities  List  It  covers  an  area  of  approximately  25  square  miles,  which 
includes  a  4*square  mile  area  of  the  Twin  Cities  Army  Ammunition  Plant  (TCAAP);  and  a  21'Square 
milii  off-TCAAP  area  by  migration  of  contaminants  from  TCAAP.  The  groundwater 

•tui  soils  at  the  site  are  contaminated  with  volatile  orgsmic  compounds  (VOCs)  and  metals. 
Preparation  of  the  RA  and  other  ongoing  remedial  investigation/feasibility  study  (RI/FS)  tasks  are 
required  under  the  Federal  Facilities  Agreement  (FFA)  between  the  U.S.  Army  (Army)  and  EPA;  the 
Minnesota  Pollution  Control  Agency  (MPCA)  is  also  a  party  to  the  agreement.  This  FFA  was  the  first 
agreement  in  the  country  pursuant  to  Section  120  of  the  Superfiind  Amendment  and  Reauthorization 
Act  (SARA). 

A  meeting  attended  by  EPA,  MPCA,  the  Army,  and  their  contractors  was  held  to  determine 

the  overall  nature  scope  of  the  RA.  BasMl  on  this  meeting,  the  Draft  RA  was  prepared  utilizing 
EPA’s  Risk  Assessment  Guidance  for  Superfiind,  Human  Health  Evaluation,  Part  A  ^PA  540/1-89* 
002)  baaed  primarily  on  data  presented  in  Rb  prepared  for  the  Army  (evaluating  multimedia 
contamination  on-TCAAP).and  MPCA  (evaluating  groundwater  contamination  off-TCAAP).  Risks 
were  evaluated  for  exposure  pathways  involving  exposures  on-TCAAP  and  off-TCAAP,  under  two 
use  conditions:  (1)  the  Army  continues  to  operate  TCAAP,  with  'estricted  access  and  (2)  the 
Army  abandons  TCAAP  and  the  land  is  developed  as  residential,  commercial,  and  industrial  property. 

Etxposures  to  groundwater  VOCs  released  from  on-TCAAP  remedial  actions  pose  the  greatest 
risks  to  human  health.  However,  exposure  to  contaminated  groundwater  is  largely  speculative  cmd  is 
likely  to  be  limited.  Elxposures  to  surface  water  and  sediment  pose  little  risk  to  human  health.  Risks 
frum  exposure  to  soils  are  difBcult  to  assess  and  must  be  interpreted  cautiously. 
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16.  PREDICTING  IN  VIVO  RATES  OP  METABOLISM  OP  VOLATILE  ORGANIC 

CHEMICALS  PROM  IN  VITRO  KINETIC  CONSTANTS:  IMPLICATIONS  POR  RISK 
ASSESSMENT 


M.L.  Gargas,  M.E.  Andersan 

Chamical  Industry  Institute  of  Toxicology,  6  Davis  Drive,  Research  Triangle  Park,  NC  27709 


Physiologically  based  phannacokinetie  (PBPK)  models  are  being  increasingly  utilised  to  estimate 
target  *******  duum  of  toxic  chemicals  their  metabolites  in  quantitative  health  risk  assessments.  A 

key  component  in  these  models  are  rates  of  chemical  metabolism.  Althou^  it  is  most  appropriate  to 
obtain  in  vioo  rates  of  metabolism  fbr  chemicals,  this  is  not  always  possible  in  animals  and  is 
essentially  impossible  in  humans,  the  species  of  interest.  In  vUn  methods  can  be  used  to  estimate 
in  vivo  constants  but  care  must  exercised  to  ensure  that  there  is  a  good  correlation  between 

them  e**«i  the  in  vivo  situation.  A  14-compound  data  set  was  used  in  this  work  to  compare  in  vivo 
values  with  in  vitro  constants.  The  data  set  included:  benxene,  toluene,  m-xylene,  styrene, 
chloroibrm,  carbon  tetrachloride,  1,1-dichloroethane,  1,1,1-trichloroethane,  1,1,2-trichloroethane, 
1,1,1,2-tetraehloroethane,  1,1,2,2-tetraehloroethane,  1,1-diehloroethylene,  trichloroethylene,  and 
tetrachloroethylene.  In  vivo  constants  were  obtaiiied  by  gas  uptake  and  in  vitro  constants  from 
enriched  liver  homogenate  fractions.  A  regression  of  in  vivo  on  in  vitro  Vmmr  values  (p  moles/h/rat) 
resulted  in  the  equation:  (in  vivo)  s  2.26xVaax  vitro)-i-4.52  (r2  sO.784).  Thtu.  this  vial 

equilibration  approach  gave  constants  that  correlated  with  in  vivo  values.  At  this  stage  of 
development  however,  it  is  important  to  identify  which  of  the  many  available  in  vitro  approaches 
correlate  most  consistently  with  in  vivo  behavior  before  in  vitro  rates  from  animal  or  human  tissues 
can  be  used  confidently  in  PBPK  models. 
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17.  RISK  ASSESSMENT  OF  AIR  CONTAMINANTS  FROM  OPEN  BURNING/OPEN 
DETONATION  AT  THE  UTAH  TEST  AND  TRAINING  RANGE:  EVALUATING 
RISKS  FROM  ACUTE  EXPOSURES 


Stevan  L.  GlaMr,  Arthur  A  Sutherland 

Jaiaee  M.  Montgomery  Consulting  Engineers,  Inc.,  4625  S.  Wasatch  Blvd.,  Suite  200,  Salt  Lake  City, 
UT  84109 


A  risk  assessment  was  performed  of  the  air  emissions  resulting  from  open  buming^open  detonation 
(OB/OD)  of  various  types  of  explosives  and  propellants  at  the  Utah  Test  and  Training  Range  (UTTR) 
near  Lakeside,  Utah.  The  results  of  the  risk  assessment  are  being  used  to  support  a  RCRA  Part  B 
Subpart  X  permit  application. 

Open  buming/bpen  detonation  is  performed  at  the  UTTR  on  a  sporadic  basis  in  an  isolated  area, 
althou^  large  quantities  of  materials  can  be  involved.  Modeling  indicated  that  people  could  be 
exposed  to  air  pollutants  for  durations  ranging  from  a  few  minutes  to  1  h.  Consequently,  only  acute 
exposures  result  This  is  in  contrast  to  the  chronic  exposure  that  is  typically  the  subject  of  risk 

assessments. 

Acute  exposures  require  the  development  of  different  measures  of  toxicity  than  are  normally  employed 
in  a  risk  assessment  National  Ai^ient  Air  Quality  Standards  (NAAQS)  were  used  when  available. 
For  other  compounds,  occupational  ceiling  or  shortterm  exposure  limits  were  used  as  toxicity 
measures  during  the  indicator  selection  process.  These  occupational  limits  were  used  because  they 
were  available  for  most  compounds  predicted  to  be  emitted  and  because  they  were  derived  for  an 
exposure  duration  comparable  to  that  which  results  during  OB/OD.  Compounds  that  only  have  8*h 
occupational  limits  were  excluded  from  consideration.  For  risk  characterization  purposes,  values 
comparable  to  an  acute  reference  dose  bad  to  be  developed  on  an  individual  basis  for  compounds 
without  NAAQS  standards. 
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It.  APPUCATION  OF  RISK  ASSESSMENT  TO  DECISION  MAKING  AT  HAZARDOUS 
WASTE  SITES  -  SEEKING  REAL  NET  RISK  REDUCTIONS 


C.A.  Staplasi,  B.E.  Huntsman^ 

iTerraa  Corporation.  1000  Executive  Parkway.  St  Louie,  MO  03141 
^erran  Corporation,  3086  Woodman  Drive,  Kettering,  OH  46420 


One  key  etep  in  evaluating  faaxardoue  wastes  sites  is  the  development  of  a  risk  analysis  that  ties 
discovered  chemical  oontaminatiott  with  human  and  environmental  health  effects.  These  studies  are 
Endangerment  Assessments  or  Risk  Assessments,  ^te  contaminants  are  prelected  into  possible 
fiiture  Iwretions  or  in  an  effort  to  quantify  current  risks  posed  by  a  site,  and  future  risks 

poaod  by  a  site  should  no  action  be  taken  to  lessen  the  existing  sources  and  concentrations.  Subjective, 
highly  conservative  awMimptiaM  are  often  built  into  the  process  attempting  to  avoid  underestimation 
of  possible  risks.  Unfortunately,  the  assumptions  often  render  the  results  meaningless  in  terms  of 
usefully  guiding  decision  making. 

Presented  here  is  a  method  used  to  perform  a  risk  assessment  such  that  regulatory  demand  for 
conservatism  was  met  while  retaining  a  useful  site  risk  assessment  for  defining  real  risks  and 
measuring  possible  risk  reductions  from  remedial  technologies.  The  method  evaluated  information 
drawn  from  a  real  site  in  two  ways.  First,  chemical  and  site  data  were  combined  to  determine  actual 
site  risks  to  human  environmental  health.  Second,  conservative  risk  projections  were  used  to 
•miiUta  the  basie  regulatory  endangerment  assessment  process.  Following  these  separate  analyses, 
remedial  alternatives  were  presented  with  the  likely  obtainable  reductions  in  contaminant 
concentrations  following  completion  of  remediation.  Risks  were  recalculated  with  the  newly 
remediated  concentrations.  Results  show  that  one  method  obscures  the  actual  net  risk  reduction  while 
the  other  highlights  it 
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19.  DESIGN-PHASE  REVIEW  OF  HAZARDOUS  MATERIALS  IN  AIR  FORCE  WEAPON 

SYSTEMS' A  PROCEDURAL  FRAMEWORK 


Ann  Huangi,  David  C.  Roberts^,  Mary  K.  Ballengaa^ 

^Tha  MITRE  Corporation,  7525  Colahire  Drive,  McLean,  VA  22102 
mSD/XRH,  Brooks  AFB,  TX  78235 


The  Acquisition  Management  of  Hazardous  Materials  (AMHM)  Program  was  established  by  Air  Force 
Systems  Command  to  create  an  integrated  oversi^t  process  for  ensuring  that  consideration  is  given 
to  hazardous  materials  issues  during  the  weapon  sy^m  acquisition  process.  The  emphasis  is  on 
•limiiiMring  or  reducing  the  use  of  hazardous  materials  in  products  and  their  associate  processes 
during  the  entire  life  cyele  of  the  weapon  (manufacture,  operation,  maintenance,  and  dispo^).  The 
environmental  and  human  health  impacts  of  using  a  material  should  be  examined  in  the  design  phase 
of  the  weapon  so  as  to  minimis  unforeseen  downstream  costs  and  negative  impacts  on  schedule  and 
performance. 

A  crucial  element  of  the  AMHM  program  is  the  process  by  which  hazardous  substances  are  identified 
and  evaluated.  Althou^  there  already  exist  documented  methods  for  evaluating  hazardous  materials 
which  are  used  in  government  and  industry,  the  Air  Force  needs  a  procedure  specifically  adapted  to  its 
needs.  Such  a  procedure  must  take  into  consideration  the  specific  context  in  which  the  material  is  to 
be  used,  relevant  regulations,  scientific  data,  and  alternative  materials  and  processes.  A 

proposed  procedural  fiamework  will  be  presented  in  terms  of  functional  flow  diagrams,  organizational 
responsibilities,  and  informational  requirements. 
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20.  DERMAL  EXPOSURE:  DATA  BASE.  PREDICTIVE  MODELS,  AND  RISK 
ASSESSMENT 


JJ.  Hocfyneki,  RS.  Hinz^,  C.  Cullander^,  C.  Lorenca^,  RH.  Guy^,  RO.  Potts3.  K.C.T.  Hoang^ 
lETRL  Lo&yatte,  CA  94549 

^School  of  Pharmacy*  Univermty  of  California,  San  Frandflco,  CA  94143 

SCygnuf  Thorapeutie  Systems,  Redwood  City,  CA  94063 

^U.S.  Enmonmental  Protection  Agency,  Washington,  DC  20460 


Predietion  of  the  detrimental  tozic  effects  of  hazardous  chemical  exposure  to  the  skin  is  difficult 
because  of  the  complexity  of  the  percutaneous  absorption  process  and  the  lack  of  any  consistently 
identifiable  relationships  between  transport  rate  and  chemiCTl  properties.  The  ultimate  objectives  of 
our  research,  therefore,  are  to  address  these  problems  and  to  be  able  to  predict  accurately  the 
toxicokinetics  of  chemicals  absorbed  across  human  in  vivo. 

The  methodological  approach  involves:  (1)  Establishing  a  data  base  of  the  extensive  percutaneous 
absorption  literature,  and  extracting  relevant  measurements  of  skin  penetration.  (2)  Developing 
refined  models  of  the  percutaneotu  transport  process  that  recognizes  the  relevant  biology  of  the  skin 
and  the  physieochemi^  interactions  between  the  penetrating  chemical  and  the  skin.  (3)  Determining 
and  validating  practical  relationships  between  the  structure  and  physicochemical  properties  of  the 
dermally  contacting  chemicals  and  the  percutaneous  transport  kinetics.  (4)  Demonstrating  how  these 
"structiu«>4wtivity”  relationships  can  be  used  to  reduce  uncertainty  in  the  risk  assessment  process. 

The  bibliographic  data  base  now  contains  over  2500  records,  and  data  abstraction  into  spreadsheet 
software  1m  been  performed  for  certain  specific  chemical  dasses  (e.g.,  phenols),  and  for  selected 
Environmental  Protection  Agency  (EPA}>identified  priority  pollutants.  quantitative 

stnicture-activity  relationships  have  been  explored  and  fismilies  of  curves,  relating  percutaneous 
permeability  to  penetrant  lipophilidty  and  molecular  volume,  have  been  deduced. 

(Supported  by  U.S.  EPA  Cooperative  Agreement  CR^16785^1). 

DISCLAIMER  This  draft  document  has  not  been  reviewed  in  accordance  with  U.S.  EPA  policy  or 
approved  for  publication.  Mention  of  trade  names  or  commercial  products  does  not  constitute 
en^rsement  or  recommendation  for  use. 


21.  DBVSLOPING  EXPOSURE  SCENARIOS  FOR  ASSESSING  HUMAN  HEALTH 
EFFECTS  OF  COMBUSTOR  EMISSIONS 


J.  DolUrhktei.  M.  Kuiaw«t.  R.  Bruiiul 

^SyraeuM  RMeareh  C  .rp.,  2159  Gilbert  Avenue,  Cioemnati,  OH  45206 

1U.  S.  Bnvironinental  Protection  Agency,  26  Martin  Luther  King  Drive,  Cincinnati,  OH  45268 


Expoeure  ecenarioe  are  real  or  hypothetieal  ntuationa  that  define  the  rource  and  pathways  by  which 
individuals  are  exposed  to  environmental  chemicals.  Exposure  scenarios  are  used  in  risk  assessment 
of  combustion  ibcilities  (e.g.,  municipal  waste  combustors)  to  evaluate  the  impact  of  emitted  pollutants 
on  human  health  and  the  environment  An  approach  to  constructing  site-specific  exposure  scenarios 
to  aid  exposure/risk  assessors  has  been  developed.  In  this  approach,  the  source  is  defined  in  terms  of 
its  length  of  operation,  and  the  exposed  individual  is  defined  in  terms  of  his/her  location,  amoimt  of 
time  spent  near  the  source,  age,  and  lifestyle  (e.g.,  urban  or  rural).  The  environmental  me^  near  the 
source  (soil,  water,  vegetation)  and  the  ways  these  media  are  used  (drinking  water,  food,  recreation) 
define  the  routes  by  which  individuals  are  exposed.  Average,  moderate,  and  worst-case  exposure 
scenarios  have  been  developed  to  illustrate  a  range  of  possible  situations,  lliese  scenarios,  along  with 
the  advantages  and  disadvantages  of  using  this  appro^  for  constructing  exposure  scenarios,  will  be 
laesented. 
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22.  DETERMINING  HUMAN  EXPOSURE  TO  POLLUTANTS  MEASURED  IN  THE 

AMBIENT  AIR  EMITTED  FROM  A  MUNICIPAL  WASTE  COMBUSTOR 


M.  Eidtalbergar^  P.  McGinnisl,  R.  Nichols^,  W.  Stitelar^,  C.  Soiiieh«MullinS 

^SyraeuM  RasMTch  Corp.,  2159  Gilbert  Ave.,  Cineiimati,  OH  45206 

^yraeuae  Research  Corporation,  Merrill  Lsm,  Syracuse,  NY  13210’4080 

H7.S  Environmental  Protection  Agen^,  26  Martin  Luther  King  Drive,  Cincinnati,  OH  45268 


A  pilot  study  of  chemicals  in  ambient  air  surroumling  a  municipal  waste  eombustw  (MWC)  was 
undertaken  in  an  attempt  to  determine  human  exposure.  Several  metals  (e.g.,  lead  and  nickel)  and 
organics  (e.g.,  benxo(ajpyrena,  polychlorinated  dibenzo-jHlioxins  [PCDOs],  and  polychlorinated 
dibensofiirans  (PCDFsD  were  measured.  The  likelihood  that  the  MWC  was  the  source  for  these 
pollutants  was  evaluate  «ri«g  three  approaches:  (1)  correlation  of  the  amount  ci  waste  burned  daily 
with  particulate  concentrations,  (2)  comparison  of  ambient  air  PCDD/PCDF  congener  profiles  with 
those  of  potential  sources  (is.,  MWC  stack  emissions  and  residential  wood  burning  systems),  and 
(3)  statistical  analyses  of  the  relattonship  between  daily  measured  ambient  air  concentrations  of 
pollutants  and  daily  concentrations  predicted  form  the  Industrial  Source  Complex  Short'Term  air 
dispersion  model.  The  daily  measured  concentrations  were  compared  to  the  precfieted  concentrations 
by  iMHwg  two  nonparametric  procedures:  a  modified  sign  test  and  Friedman  two-way  analysis  of 
variance.  None  of  these  analyses  found  a  significant  relationship  between  incinerator  operation  and 
measured  pollutant  concentrations.  Advantages  for  each  of  these  approaches  of  source  apportionment 
are  discussed. 
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23.  A  STAtlSnCAL  TEST  FOR  EVALUATING  COMPATIBILITY  OF  TWO  OR  MORE 
STUDIES  IN  CANCER  RISK  ASSESSMENT 


W.  Stitoleri,  R.Sehoeny3 

^SyraeuM  Rafeareh  Coq>.,  Merrill  Lane,  Syraeuie,  NY  13210-4080 

^.S.  Enrironmental  Protection  Agency,  26  Martin  Luther  King  Drive,  Cincinnati,  OH  45268 


Frequently,  there  are  two  or  more  data  seta  available  on  which  quantitative  risk  estimates  for 
cardnogenidty  could  be  based.  Combining  these  data  may  in  some  eases  result  in  improved  estimates. 
A  statistical  method  for  evaluating  the  hypothesia  that  two  or  more  sets  of  data  are  compatible  with  a 
common  doee-response  model  emuld  aid  the  biologist  in  making  the  determination  whether  to 
combine  or  not  combine  data  sets.  A  statistical  test  based  on  the  likelihood  ratio  principle  is  proposed 
for  comparing  two  or  more  data  sets  to  a  common  multistage  model.  Tliia  test  with  several 

examples  and  the  results  of  a  Monte  Carlo  study  of  the  power  of  the  test  are  presented.  The  theoretical 
relationship  between  the  proposed  test  and  the  method  commonly  used  to  estimate  parameters  and 
confidence  limits  for  the  linearised  multistage  model  are  discussed. 
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24.  BIOLOGICAL  CONSIDERATIONS  FOR  COMBINING  CARCINOGENIC 

QUANTITATIVE  ESTIMATES 


S.Vater^,  R.Seh<Mny3 

^Syra«uM  Raseareh  Corp.,  2169  Gilbert  Ave.,  Cincinnati,  OH  45206 

2U.S.  Environmental  Protection  Agency,  26  Martin  Luther  King  Drive,  Cincinnati,  OH  45268 


Carcinogen  risk  aesessmente  conducted  by  the  United  States  Environmental  Proteetioa  Agency  have 
most  fre^ntly  been  based  on  results  of  a  bioassay  from  a  single  sex/strain/spedes  of  onimAl  Use  of 
more  the  available  data  may  result  in  a  hi^er  level  of  confidence  in  the  risk  estimate.  Several 
biological  &etors  should  be  considered  before  combining  data  sets  from  different  »nitnAl  sexes,  strains, 
spedes,  or  tumor  sites.  The  relevance  of  the  animal  models,  study  design  and  executioa,  dose 
selection,  end  route  of  administration  are  study  quality  factors  which  influence  whether  studies 
should  be  combined.  The  decision  to  combine  data  sets  is  also  baaed  on  what  is  known  ot  the 
mechanism  of  action  of  the  agent  (Le.,  whether  the  agent  is  thought  to  be  an  initiator  or  to  act  at  later 
stages,  its  jdiarmacokineties,  any  spedes/sex  spedfidty  of  the  effect,  and  considerations  regarding 
tumor  site  spedfidty).  The  use  of  these  factors  in  the  decision  to  combine  or  not  combine  data  sets  is 
discussed. 


25.  GENERAL  GUIDANCE  FOR  ECOLOGICAL  RISK  ASSESSMENTS  AT  AIR  FORCE 
INSTALLATIONS 


J.M.  DeSetsol.  F.T.  Prieel.  C.W.  AtteberyS,  LR  <l«Pania2 

iTha  MTTRE  Corporation,  McLean,  VA 

21RP  Progiam  Office  (HSC/YAQ),  USAF,  Brooks  AFB,  TX 


General  guidance  has  been  developed  for  performing  ecologic^  risk  assessments  (ERA)  that  not  only 
conforms  with  Federal  and  Regional  Environmental  Protection  Agei^  (EPA)  regulations  but  also 
meets  the  special  requirements  of  the  Air  Force  Installation  Restoration  Program  (IRP).  It  must  be 
borne  in  mind  that  ^e  geographic  locations  included  in  the  ERA  should  not  be  limited  by  property 
boundaries  if  affected  environments  or  habitats  extend  beyond  them.  An  ERA  can  be  completW  in 
three  phases. 

Phase  I  (Ecological  Quotients)  is  outlined  by  the  following  sequential  steps. 

1.  Assemble  all  data  relevant  to  the  ERA  Identify  all  ecological  contaminants  (EC),  locate  sources  of 
EC,  estimate  source  size,  and  describe  site  history. 

2.  Establish  baekgroimd  (ambient)  concentrations  of  all  EC. 

3.  Identify  EC  of  concern  using  background  concentrations  site  history,  and  potential  for  ecotoxicity. 

4.  Develop  a  physical  model  of  the  study  area  describing  the  likely  migration  pathways  of  EC  (ba^ 
on  topography,  hydrogeology,  geology,  geochemistry). 

5.  Identify  ecological  receptors,  including  endangered  species,  critical  habitats,  and  sensitive 
environments.  Be  cognizant  of  seasonal  variations  in  life  cycle  of  target  species.  Determine 
recreational  and  commercial  uses  of  the  study  area. 

3.  Conduct  a  field  survey  to  verify  information  gathered  to  date. 

7.  Identify  data  gaps;  gather  additional  required  information,  if  necessary. 

8.  For  each  EC,  establish  assessment  endpoints  (e.g.,  toxic  effects)  and  determine  effective 
eoncentratioiu  of  EC  in  the  target  species.  If  data  are  not  available,  ecological  benchmarks 
(e.g.,  EPA  Ambient  Water  Quality  Criteria)  may  be  used  as  surrogates. 

9.  Characterize  present  and  future  completion  of  potential  exposure  pathways  predicted  by  the 
physical  site  xnodel  and  quantitate  dose  to  receptors  including  ecologic^  food  chain  considerations. 
Evaluate  potential  magnitude  and  frequency  of  contact  with  EC. 

10.  Develop  an  Ecological  Risk  Characterization  for  each  EC  and  receptor  of  concern  by  comparing 
calculated  exposure  with  effective  concentration. 

il  Consider  the  impacts  of  present  or  future  human  activities  including  any  ongoing  or  proposed 
remediation  that  may  affect  the  ecological  resources  at  or  near  the  study  area. 

Phase  n  (Biological  Diversity)  is  analogous  to  human  epidemiology  studies  and  is  used  to  bolster  the 
findings  of  Phase  I.  The  following  stepe  are  followed. 

1.  Dtfne  the  boundaries  of  the  territory  to  be  stmiied  and  the  period  of  time  (season). 

2.  Identify  a  nearby,  similar,  but  uncontaminated  area. 

3a.  Perform  a  census  of  all  extant  spades  including  total  number  of  spades  (richness)  and  numbers  of 
individuals  for  each  spades  (evenness). 

3b.  Alternatively,  monitor  the  distribution  of  selected  spades  (La.,  a  suite  of  spades  that  is 
representative  of  the  area  and  endangered,  declining,  and  important  spades. 

4  Compare  the  results  <ffcontaminated  and  control  areas. 

Phase  in  (Population  Study)  is  performed  if  a  decline  in  population  size  for  an  important  spedes  occurs 
with  a  low  ecological  ^tiant  or  no  effect  is  seen  with  a  hi^  ecological  quotient  A  census  of  the 
number  of  individuals  in  each  life  stage  for  selected  species  is  taken  at  seve^  time  points  over  one  to 
severai  life  cydes  or  seasons. 

ERA  is  an  ongoing  process  that  should  begin  early  in  the  IRP.  The  ERA  should  be  modified  and 
acUustad  throughout  the  IRP  as  additional  or  more  accurate  data  become  available. 
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26.  OCULAR  EXPOSURE  TO  SOMAN:  A  SHORTCUT  TO  THE  BRAIN? 


JohnM.  OeSeHO 

Tha  MITRE  Corporation,  7525  Colshira  Drive,  McLean,  VA  22102 


Expoeure  to  soman  gas  has  been  linked  to  alterations  in  electroencephalograms  and  psychological 
diatorbaneea,  inability  to  concentrate  and  failure  to  plan  effectively.  These  cognitive 

activities  place  in  the  forebrain  structures  of  the  anterior  cerebrum.  Anatomical  considerations 
of  the  vascular  supplies  to  the  eye,  orbit,  and  brain  suggest  that  the  ocular  route  of  exposure  may 
provide  rapid,  direct  access  of  soman  to  the  anterior  portion  of  the  brain  so  that  exposure  by  this  route 
may  be  of  comparable  importance  to  inhalation  expoeure. 

Vapors  or  liquid  droplets  of  soman  contact  both  the  cornea  on  the  eyeball  and  the  epithelium  lining 
the  inner  side  of  the  eyelid.  Diffusion  of  soman  can  occur  into  either  structure.  Difiu^n  through  the 
cornea  provides  access  to  the  aqueous  humor,  a  fluid  that  is  constantly  produced  by  the  ciliary  body 
posterior  to  the  iris.  The  aqueous  humor  exits  the  eyeball  into  veins  that  coalesce  a^  enter  the  skull, 
emptying  into  the  large  cavernous  sinus  (CS)  located  at  the  base  of  the  brain.  Soman  that  diffuses  into 
the  aqueous  humor  would  follow  this  route.  Soman  can  also  diffuse  into  the  coqjunctiva  Gining  of  the 
eyelid),  a  well-vascularized  tissue,  the  venous  drainage  of  which  also  joins  the  veins  draining  the 
eyeball  proper,  enters  the  skuU,  and  finds  its  way  to  the  CS. 

The  CS  is  important  because  several  significant  structures  pass  through  it,  bathing  in  the  blood 
contained  therein.  These  structures  include  the  internal  carotid  arteries  GCA),  the  sympathetic 
carotid  plexus  of  nerves,  and  several  cranial  nerves  (m,  IV,  VI,  Vj,  and  V3).  Because  the  flow  of 
venous  blood  through  the  CS  is  sluggish,  equilibration  of  agent  tetween  the  venous  blood  of  the  CS 
and  the  arterial  blood  in  the  ICA,  which  are  bathed  by  the  venous  blood,  is  fkdlitated.  Soman  that 
diflbses  into  the  ICA  will  be  distr^ted  with  the  blood  that  flows  jximarily  into  the  anterior  cerebral 
artery,  the  major  blood  supply  to  the  forebrain  structures  of  the  anterior  cerebrum  This  means  that 
soman  that  is  absorbed  via  the  ocular  route  may  enter  the  brain  without  traversing  the  heart,  the 
lungs,  or  the  liver.  In  addition,  experimental  animals,  including  dogs  and  cats,  possess  a  special 
modification  of  the  ICA  which  greatly  increases  the  surface  area  available  for  the  diffbsion  and  further 
facilitates  the  exchange  of  soman  between  the  venous  blood  and  the  blood  in  the  ICA. 

Because  of  the  potential  significance  of  the  ocular  route  of  expoeure  to  soman  gas  and  the  differences 
among  spades  in  the  anatomy  relevant  to  this  route,  it  is  imperative  that  ocular  expoeure  be 
considersd  in  the  pharmacokinetic  modeling  of  soman  exposure  in  experimental  animals  and  in  the 
extrapolation  of  Idioratory  results  to  the  human  condition. 
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27.  THE  HYDROXYLAMINE  MOIETY  OF  DEVELOPMENTAL  TOXICANTS  CAUSES 
EARLY  EMBRYONIC  CELL  DEATH 


J.M.  DeSessoi,  G.C.  GocringerS 

i  The  MITRE  Corporation,  7525  Colshire  Drive,  McLean,  VA  22102 

3  Department  of  Anatomy  and  Cell  Biology,  Georgetown  IJniversity  School  of  Medicine,  Washington, 
DC 


Cellular  debris,  an  indication  of  cell  death,  is  apparent  in  limb  buds  of  gestational  day  (gd)  12  rabbit 
embryos  when  examined  by  light  microscopy  at  4  h  after  either  subcutaneous  (sc)  injection  of  a 
teratogenic  dose  of  hydroxyurea  (HU,  650  mg^)  to  pregnant  rabbits  or  an  intrauterine  (iu)  injection 
of  HU  (180  pg(site)  to  embryos.  Several  chemicals  that  are  structurally  related  to  HU  are  also 
teratogenic;  all  of  them  possess  a  terminal  hydroxylamine  moiety  ('NHOH).  To  investigate  whether 
the  -NHOH  moiety  is  responsible  for  the  early  cell  death,  a  series  of  five  structurally  related,  -NHOH 
bearing  chemicals  were  administered  at  equimolar  doses  either  by  sc  or  iu  ii\)ection  on  gd  12.  Foiir 
hours  later,  embryos  were  harvested  and  prepared  for  light  microscopy.  The  -NHOH-bearing 
chemicals  included  hydroxylamine  HCl,  N'*methyl  hydroxylamine  HCl,  HU,  acetohydroxamic  acid, 
and  hsrdroxyurethane.  Cell  death  was  obvious  in  limb  bu^  firom  treated  embryos  of  all  groups.  A 
second  series  of  chemicals,  structurally  similar  to  the  hydroxylamine-bearing  series,  but  possessing  a 
terminal  -NHs  group,  were  tested  at  equimolar  doses  by  an  identical  protocol.  The  chemicals  in  the 
•NH]  series  included  NH3  (as  NH4OH),  methylamine,  urea,  acetamide,  and  urethane.  None  of  the 
•NHs  chemicals  caused  cell  death  in  limb  buds  at  4  h  demonstrating  that,  for  the  chemicals  tested,  the 
early  episode  ofembryonic  cell  death  is  associated  with  the  terminal -NHOH  group. 

Because  antioxidants  (e.g.,  propyl  gallate,  ethoxyquin,  NDGA)  and  the  hydroxyl  free  radical 
scavenger,  D<mannitol,  delay  HU-induced  early  embryonic  cell  death,  the  ‘NHOH  chemicals  were 
coadministered  with  propyl  gallate  (PG  at  634  mgdeg  or  225  pg^site)  to  determine  the  efiect  on  early 
cell  death.  In  all  cases,  PG  prevented/delayed  the  early  episode  of  cell  death  when  embryos  were 
examined  histologically  at  4  h.  These  results  suggest  that  the  rapidly  occurring  embryonic 
cytotoxicity  may  involve  a  firee  radical  mechanism  that  requires  the  presence  of  a  terminal  'NHOH  for 
initiation. 

(Ftinded  by  MTIRE^ponsored  Research  Project  9587S) 
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28.  AUTOMATED  DOSING  AND  WEIGHING  SYSTEM  WITH  AUDIT-TRAILED  DATA 
ACQUISITION  AND  MANAGEMENT:  A  GLP  COMPUANT  SYSTEM 


Robert  M.  Parkerl,  James  A  CrowelH,  Paul  A.  GosnelU,  Thomas  J.  Bucd^,  Joe  Meehan^, 

Twila  Bixler^,  Jack  C.  Dacre^ 

1  Pathology  Associates,  Inc.,  National  Center  for  Toxieologieal  Research  (NCTR),  Jefferson,  AR 
72079-0026 

2  Computer  Baaed  Systems,  Inc.,  NCTR 

3  Health  Effects  Research  IHvision,  U.S.  Army  Biomedical  Research  and  Development  Laboratory, 
Fort  Oetrick,  Frederick,  MD  21702-6010 


The  In-life  Dosing  System  is  used  to  dose  on  studies  at  the  National  Center  for  Toxicological 

Research  (NCTR).  This  program  was  developed  to  meet  stringent  tracking  requirements  for 
Department  of  Defense  studies  using  surety  agents.  The  program  enforces  a  study-spedffc  protocol  to 
set  the  experimental  parameters  and  drive  the  menus  for  ^e  study. 

To  start  the  program,  the  technician  logs  on  the  VAX  780  Computer  and  identifies  the  dosing  team, 
the  study,  ajod  the  room  and  equipment  that  will  be  used,  and  then  proceeds  to  calibrate  the 
equipment.  The  technician  then  adds  the  container  with  the  chemic^  agent  and  primes  the 
Micrometie  Systems  Automatie  Pipette.  When  ready  to  begin  dosing,  the  technician  barcodes  the 
animal  identification  (ID)  and  cage  ID  using  an  Intermec  9610  Barcode  Reader,  and  wei^  the  animal 
on  a  Mettler  PEll  balance.  The  weight  value  is  transmitted  directly  into  the  NCTR  In-life  Dosing 
program.  The  system  uses  the  weight,  along  with  dosing  parameters  taken  from  study-specific  files,  to 
calculate  tiw  correct  dose  for  the  animal.  The  calculated  volume  information  is  sent  to  a  Micromedic 
Pipette  which  draws  up  the  required  dose.  The  technician  selects  the  proper  site  of  administration  and 
presses  a  foot-pedal  to  dispense  the  dose.  A  time-stamped  record  of  tlm  dosing  or  any  aberration  to  the 
dosing  protocol  (spills,  regurgitation,  blocked  needles,  etc.)  is  stored  permanently  as  part  of  a 
comprehensive  amiit  trail  on  the  NCTO  data  base  along  with  other  data  relating  to  the  study.  The 
program  will  not  allow  an  animal  that  has  already  received  a  dose  to  be  accidentally  redosed  and  the 
8]rstem  prompts  for  animals  that  should  have  bMn  dosed  but  were  not  and  requires  a  technician 
comment  for  each  case  that  remains  undosed. 

This  program  reduces  errors  by  minimizing  operator  data  entry,  relying  instead  upon  parameters  read 
from  files  and  instruments.  Automatie  calculation  and  highly  accurate  dispensing  of  the  dose  further 
ensures  reliability.  Data  integrity  bas  been  validated  and  is  maintained  t^u^  conformance  to  the 
Food  and  Drug  Administration  Good  Laboratory  Practice  (GLP)  standards  for  Automated  Data 
Processing.  This  system  is  a  cost-effective  tool  for  dispensing  and  tracking  the  chemical  agent  and 
minimises  the  time  required  for  hand  entry  recordkeeping  (especially  in  a  GLP  environment).  Prior  to 
introducing  this  system,  daily  labor  requirement  for  dosing  a  100  rat  GLP  and  surety-compliant 
90-day  subcfaronie  study  was  12-h/day  (three  technicians  for  4  h).  Since  this  system  has  brnn  in 
operation,  the  daily  lalxv  requirement  has  been  lowered  to  2  h/day  (two  technicians  for  1  h). 
Equivalent  results  have  been  achieved  during  the  pest  three  90-day  subdironic  studies  with  increased 
accuracy  in  dosing  and  record  keeping  and,  based  upon  discussions  with  technicians,  reduced  stress 
andfotigue. 
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29.  NEGATIVE  DOMINANT  LETHAL  STUDY  OF  LEWISITE  IN  CD-RATS 


R.M.  Parkar^,  T.J.  Buod^,  K.H.  Dennayi,  J.C.  Daera^ 

^Pathology  Aaaoeiatas,  Iiie.»  National  Cantar  for  Tozkologieal  Research,  Jefferson,  AR 
^SABRDL,  Fort  Datriek,  Fredariek,MD 


Lewisite  (2-Chlorovinyl(iiehloroarsine,  Agent  L)  was  investigated  as  part  of  the  U.S.  Army 
Tozieologieal  Program  on  Chemicsd  Agmts.  Twenty  male  CD*rats  per  dose  group  received  by  gavage 
1500, 750,  or  375  pg^  Lewisite  or  vehicle  control  (1  mL  sesame  seed  oil)  daily  for  5  days.  Positive 
control  males  were  given  1  mL  sesame  seed  oil  by  gavage  (Days  1  through  4)  and  on  Day  5  they  were 
given  an  ip  ii\)eetion  of  100  mgOcg  ethyl  methanesulphonate,  a  positive  control  mutagen.  Each  male 
was  mated  to  two  virgin  females  (12  weeks  of  age)  per  week  for  the  next  10  weeks.  Females  were 
sacrificed  on  Gestational  Day  14.  At  necropsy,  the  corpora  lutea  were  counted  and  the  uteri  and 
contents  were  exaxnined.  Implantation  dtea  were  cat^rized  as  live/dead  fetuses  or  early/late 
resorptions.  No  significant  differences  in  reproductive  indices  were  seen  between  treatment  groups 
and  the  control  group  except  for  the  positive  control.  Males  were  — during  Week  13  and 
neeropsied.  Sperm  morphology/motility,  testicular  histopathic  evaluation,  and  morphometric  analysis 
of  seminiferous  tubule  cross-sections  showed  no  significant  differences  between  treatment  groups  and 
the  control  group.  (Supported  by  U.S.  Army  Medical  Research  and  Development  Command, 
APO#88PP8860) 
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30.  A  STUDY  OF  THE  METABOLISM  AND  NEPHROTOXICITY  OP  SEVERAL  ALKYL- 
SUBSTITUTED  CYCLOHEXANES 


M.P.  Serwi,  D.D.  Bombickl,  J.  Roberts^,  K.O.  Yui,  G^AMcDonald*,  G.M.  Henningsen^, 

M.  J.  Panwlis,  D.R.  Mattie^ 

^  Department  of  Chemistry.  Wright  State  University,  Dayton,  OH  45435 

*Harry  G.  Armstrong  Aerospace  Medical  Research  Laboratory,  Wri^t-Patterson  AFB,  OH  45433 


Male  Fischer  344  rats  were  dosed  by  gavage  with  the  following  alkyl  substituted  cyelohexanes: 
methylcyelohexane,  ethylcyelohezane,  isopropyleydohezane,  and  tertiary  butylcyelohexane.  The 
urinary  metabolites  of  the  cyclohexane  derivatives  were  isolated  and  identified  by  gas 
chromatography  (GO  GC/mass  spectrometry.  The  classic  signs  of  hydrocarbon-induced 
nephropathy  were  pathologically  <ietermined  with  isopropyleydohezane  and  tertiary 
butylcyelohexane  producing  the  BU{jor  renal  damage. 
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31 .  HAZARD  EVALUATION  OF  TABUN  (AGENT  GA)  IN  CELL  AND  ANIMAL  MODELS 


Barry  W.  Wilson^,  Thomas  G.  Kawakami^.  Robert  J.  Higgins^,  Robert  M.  Parker^,  Thomas  J.BucciS, 
Jack  C.  Dacre3 

1  Laboratory  for  Energy-Related  Health  Research  (LEHR),  University  of  California,  Davis,  CA 
95616-5224 

2  Pathology  Associates,  Inc.,  National  Center  for  Toxicological  Research  (NCTR),  Jefferson,  AR 
72079-0026 

3  Health  Effects  Research  Division,  U.S.  Army  Biomedical  Research  and  Development  Laboratory, 
Fort  Detrick,  Frederick,  MD  21702-5010 


The  chemical  agent  Tabun  ([GA];  phoaphoramidoeyanidic  add,  dimethyl-,  ethyl  ester)  is  one  of  several 
organophosphorus  compounds  teing  evaluated  under  contract  with  the  support  of  the  U.S.  Army 
Medical  Research  and  Development  Command.  Apart  from  numerous  LD50  animal  studies,  GA  had 
not  been  subjected  to  a  detail^  toxicological  evaluation.  The  following  studies  have  been  completed: 
Phase  I  assays  (LEHR):  Ames  Salmonella,  mouse  lymphoma  (ML),  in  uUro  sister  chromatid  exchange 
(SCE),  in  vioo  SCE,  Unscheduled  DNA  synthesis  (UDS);  Phase  11:  delayed  neuropathy  in  chickens 
(LEHR),  teratology  in  rats  and  rabbits,  and  a  90-day  subc^nic  in  rats. 

GA  was  a  relatively  weak,  direct  acting  mutagen  in  the  Ames,  ML  and  in  vitro  SCE  assays.  Ames 
assay:  the  test  was  weakly  positive  for  concentrations  up  to  200  pghnL,  but  revertants  only  increased 
by  50%  above  background.  ML:  the  response  increased  linearly  with  dose  of  GA,  and  was  three-fold 
l^her  than  background  at  the  100  p^mL.  In  vitro  SCE:  induction  of  chromatid  exchanges  increased 
linearly  with  dose  but  was  not  twice  the  background.  GA  was  not  activated  by  a  rat  liver  S9 
preparation  in  the  above  assays.  In  vivo  SCE:  there  was  no  significant  induction  with  700  pg/kg  GA , 
and  higher  doses  were  lethal.  UDS:  induction  decreased  in  the  primary  hepatocytes  as  if  the  agent 
were  toxic.  Cytotoxicity  of  GA  in  several  of  the  assays  suggest^  the  cyano-group  may  be  a  site  of 
toxidty  separate  from  Uie  phosphoranudata  group.  Evidence  favoring  this  hypothesis  was  obtained 
by  demonstrating  that  GA  (like  cyanide  itself)  inhibited  the  oxygen  eonsiimption  of  chick  embryo 
hepatocytes. 

Ninety-day  delayed  neuropathy  studies  in  which  hens  were  iiyected  five  times  per  week  at  70  pg/kg  of 
GA  (the  hi^iest  tolerated  dose  with  atropine  protection)  did  not  result  in  organophosphorus-induced 
delayed  neuropathy,  according  to  biochemical,  locomotor,  and  histopathological  tests.  Neuropathy 
target  esterase  was  not  inhibited  with  a  single  dose  of  125  pg/kg  of  GA,  approximately  the  LD50  level. 
GA  was  not  grossly  toxic  when  administered  to  rats  for  13  weeks  by  ip  ix^'ection  at  20.1,  56.3,  and 
113  pg/kg.  There  was  a  reduction  (p<0.05)  in  body  weight  gain  in  the  high  dose  animals.  The 
developmental  toxicity  of  QA  was  determined  in  a  Standard  Segment  n  protocol  in  both  female  rats 
and  rabbits  exposed  by  sc  iiyeetion  during  gestation.  GA  did  not  produce  an  increase  in  developmental 
toxicity  at  the  following  doses  (rabbits:  56.25, 112.5, 317;  rats:  75, 150, 300  p|^kg/day.) 

This  work  is  suppiwted  by  USAMRDC  contracts  87-PP7827  and  87-PP7831. 
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32.  DERMAL  TOXICITY  USING  LP1846  UQUID  GUN  PROPELLANT  ON  MALE 

MINIATURE  HANFORD  SWINE 


Paul  A  Gosnelll,  William  M.  Witt^,  Robert  M.  Parker*,  J.  Dale  Thurman*,  Linda  Harbour* 

*Pathology  Associates,  Inc.,  P.O.  Box  26,  Jefferson,  AR  72079 
^National  Center  for  Toxicological  Research,  Jefferson,  AR  72079 


LP1646  liquid  gun  propellant  (60.8%  hydroxylammonium  nitrate,  19.2%  triethanolammonium 
nitrate,  20.0%  water)  is  i^er  development  by  the  U.S.  Army  as  a  possible  substitute  for  current  solid 
gun  propellants.  The  limited  data  that  are  available  on  several  liquid  gun  propellant  formulations,  as 
well  as  their  major  components,  indicate  that  they  are  toxic  in  several  species.  The  major  effects  are 
erythrocyte  erenation,  Heinz  body  formation,  and  methemoglobin  production.  This  study  was 
undertaken  to  determine  the  tnaTiwmwi  tolerated  dose  (MTD)  for  future  LP1846  studies.  A  total  of 
10  male  Miniature  Hanford  Swine,  in  two  groups,  were  assigned  to  this  study.  Eight  were  treated 
with  LP1846  (2  to  15%,  1  to  12.5%,  1  to  10%,  1  to  7.5%,  1  to  5%,  1  to  3.5%,  1  to  1.9%)  and  two  negative 
controls  (15%  surface  area  with  distilled  water).  Blood  samples  for  methemoglobin  levels  were 
collected  on  day  of  allocation,  and  on  Day  1  at  0, 2, 4,  and  8  h,  a^  Days  2  throu^  15.  Blood  samples 
for  hematology/elinieal  chemistry  (complete  hematology,  BUN,  total  protein,  creatinine,  albumin  and 
ASAT)  were  collected  on  the  day  of  allocation,  and  on  Day  1  at  0, 2, 4,  and  8  h,  and  Days  2  through  5, 8 
through  12,  and  Day  15.  All  surviving  animals  were  euthanized  on  Day  15.  Histopathology  was 
performed  on  sections  of  skin  exposed  to  the  test  and  control  articles  (both  representative  samples  and 
lesions  occurring  in  these  areas).  An  additional  skin  tissue  sample  was  collected  from  a  site  that  was 
no  less  than  5.0  cm  away  from  the  edge  of  the  treatment  area.  TIm  animals  were  observed  twice  daily 
except  during  Study  Days  2  throu^  4  where  clinical  observations  were  made  four  times  daily.  Skin 
irritation  was  graded  according  to  standard  methods.  Results  indicate  that  the  MTD  was  15%  sldn 
surfhce  area.  Methemogiobin  levels  in  those  animals  increased  rapidly  to  peak  nonfatal  levels  (20  to 
23%)  between  72>  and  96>h  postexposure.  As  the  methemoglobin  concentration  increased,  the  number 
of  dreolating  erythrocytes  decreased  while  the  number  of  reticulocytes  and  Heinz  bodies  increased 
indicating  removal  of  toxic  erythrocytes  and  early  release  of  immature  erythrocytes  from 
hematopoietic  tissues.  Clinical  chemistry  data  indicate  no  detectable  detriment  to  either  renal  or 
hepatic  function  in  any  of  the  rangefinding  animals.  Evaluation  of  the  cutaneous  irritancy  of  LP1846 
indicated  that  the  agent  is  an  irritant  and  it  was  scored  in  the  moderate-to>8evere  category. 
Histological  examination  of  exposed  skin  indicates  that  healing  was  progressing.  The  epithelium  was 
intact  in  each  specimen  examined. 
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33.  m  VITRO  MODULATION  OF  INTERCELLULAR  COMMUNICATION  BY 
XENOBIOTICS:  A  COMPARATIVE  ANALYSIS 


B.V.  Madhukar,  James  E.  Trosko 

Department  of  Pediatriea/Human  Development  and  Center  for  Environmental  Toxicology,  Michigan 
State  University,  East  Lansing,  MI  48824 

Intercellular  communication  mediated  by  gap  junctions  appears  to  be  of  central  importance  in  normal 
cellular  homeostasis,  tissue  growth,  and  development  Hence,  chemicals  which  aberrantly  down* 
modulate  gap  junction  function  can  be  considered  potentially  toxic. 

In  our  continuing  efforts  to  develop  biomarkers  of  toxic  chemical  interactions,  we  have  compared  the 
modulation  in  intercellular  communication  by  a  variety  of  xenobiotic  chemicals  of  environmental 
importance  in  selected  human  and  rodent  tissue-derived  cell  culture  models.  The  data  obtained  so  far 
clearly  indicated  that  several  of  the  toxic  chemicals,  which  have  been  documented  as  tumor  promoters, 
hepatotoxins,  neurotoxins,  and  reproductive  toxins  have  inhibited  GJIC  as  determined  by  the 
techniques  developed  in  our  laboratory.  Furthermore,  we  have  noted  a  tissue  and  cell  type  specificity 
in  the  response  elidted  by  these  chemicals. 

These  observations  reinforce  our  contention  that  inhibition  of  intercellular  communication  is  a  useful 
biomarker  for  identifying  potential  toxic  and  that  there  are  distinct  tissue  specific 

differences  in  the  response  evoked  by  various  ehemicala.'  Tlie  latter  also  suggests  the  need  to  assess 
inhibition  of  gap  junction  function  in  more  than  one  in  vitro  model  and  to  understand  the  basic 
biochemical  mechanisms  involved  in  the  regulation  of  gap  junctional  communication  in  different 
in  vitro  systems,  (supported  by  US  Air-Foree-OSR  #89-0325  and  NIEHS-Superfund  #P*42ES0491 1) 


34.  COBCPUTATIONAL  METHODS  FOR  THE  RAPID  IDENTIFICATION  AND 

PREDICTION  OF  SUSPECT  TOXIGENS 


P«terPoUtxer,P«rS^berg,  J«ii«S.  Murray,  Patricia  Evans,  Ton  Brink 
Department  of  Chemistry,  University  of  New  Orleans,  New  Orleans,  LA  70148 


Many  toxigens  ftmetion  throu^  interactions  with  cellular  receptors;  these  are  examples  of  biological 
recognition  processes.  The  chemical  nature  of  the  receptor  is  <^n  not  well  understood;  however,  by 
computing  and  comparing  the  electrostatic  potentials  around  molecules  that  show  a  range  of 
tendencies  to  interact  with  a  ^ven  receptor,  it  is  frequently  possible  to  identify  features  in  the 
molecular  potential  thatpromote  or  oppose  a  molecule’s  interaction  with  the  receptor.  This  permits 
subsequent  predictums  of  the  biological  activities  of  other,  related  molecules.  A  particularly  realistic 
and  effective  procedure  is  to  compute  the  potential  on  the  surface  of  the  molecule,  because  this  is  most 
representative  of  what  the  receptor  actually  encounters.  We  define  the  surface  as  the  0.002 
electrona/bohr3  contour  of  the  molecular  electronic  density,  thus,  it  reflects  features  unique  to  the 
molecule,  such  as  bonds  and  lone  pairs.  Surface  electrostatic  potentials  have  been  computed  at  the  ab 
initio  SCF  STO-SG  level  for  halogenated  dibenzo-p^oxins,  dibenzofurans,  benzoflavones, 
anthraquinone,  and  polycyclic  hydrocarbons.  The  results  ^ve  been  related  to  the  biological  activities 
of  these  systems,  and  provide  a  basis  for  identifying  suspect  toxigens  in  these  classes  of  compounds. 
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3S.  STATISTICAL  ANALYSIS  OF  FISH  VENTILATORY  RESPONSE  DATA.  ANON- 
LINE  DATA  ANALYSIS  COMPUTER  SYSTEM  AND  ITS  APPUCATION  TO  THE 
EVALUATION  OF  LABORATORY  AND  FIELD  EXPERIBfENTAL  DATA  ON 
BLUEGILLS 


Paul  I.  Federi,  Robert  A  Lordo^,  William  H.  van  der  Sehalie^ 
iBattelle,  Columbua,  OH  43201 

^.S.  Army  Biomedical  Research  and  Development  Laboratory,  Frederick,  MD  21701 


Laboratory  determinations  of  maximum  acceptable  toxicant  concentration  (MATC)  levels  for  fish  and 
other  aquatic  organisms  are  commonly  based  on  lethal  and  sublethal  toxic  effects.  It  has  been 
suggest^  in  the  aquatic  toxicology  literature  that  toxicant  concentrations  near  the  MATC  will  result 
in  dianges  in  fish  ventilatory  patterns  that  manifest  themselves  in  a  relatively  short  period  of  time, 
such  as  hours  or  days. 

Van  der  Schalie  (1980)  has  developed  an  on-line  computerized  system  for  monitoring  the  ventilatory 
patterns  of  fish.  This  system  monitors  up  to  32  fish  i^vidually  and  continuously  for  four  responses: 
ventilatory  rate,  depth  of  ventilation.  ^1  purge  ("eough‘0  rate,  and  whole-body  movement.  The 
monitoring  system,  housed  in  a  mobile  trailer,  is  brought  to  the  stream  location  that  is  to  be 
monitored.  Summary  data  on  the  four  ventilatory  responses,  continuously  monitored  within  each  fish, 
are  recorded  at  15-min  intervals. 

The  ability  to  monitor  ventilatory  responses  on  a  real-time  basis  gives  rise  to  the  statistical  problem  of 
how  to  detect  shifts  from  normal  baseline  ventilatory  patterns  on  a  real-time  basis.  This  presentation 
discusses  a  statistical  approach,  based  on  statistical  control  chart  methodology,  that  was  developed  to 
aoDomplish  this  objective  and  describes  a  series  of  computer  programs  that  implement  this 
metho^logy.  Sevei^  of  these  programs  are  incorporated  into  the  on-line  monitoring  system;  they 
will  detect  shifts  from  baseline  ventilatory  patterns  on  a  real-time  basis.  The  statistical  approai^  and 
the  associated  computer  programs  are  illustrated  with  experimental  data  that  were  obtained  with  the 
on-line  ventilatory  response  monitoring  system. 

This  research  was  sponsored  by  the  U.S.  Army  Biomedical  Research  and  Development  Laboratory, 
Department  of  the  Amy,  Frederick,  MD,  under  Contract  DLA90()-86-C-2045  with  Battelle. 
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3C.  FLOW  CYTOMETRIC  ANALYSIS  OF  HEPATOCELLULAR  CHANGES  IN 

FISCHER  344  RATS  UPON  IN  VIVO  EXPOSURE  TO  PERFLUORODECANOIC 
ACnXPFDA) 


Donald  E.  Frasier  Jr.,  Laura  Y.  Huff,  Melinda  J.  Tarr 

The  Ohio  State  University,  Department  of  Veterinary  Pathobiology,  1925  Coffey  Rd.,  Columbus,  OH 
43210 


The  eardnogenie  potential  of  compounds  that  induce  peroxisome  proliferation  has  become  an 
important  area  of  risk  assessment  Peroxisome  proliferators  represent  a  group  of  structurally  diverse 
compounds  whose  mechanisms  of  carcinogenesis  remain  to  be  fully  determined.  Perfluorodecanoic 
add  (PFDA),  a  perfluorinated  carboxylic  add,  is  a  halogenated  hydrocarbon  compound  that  induces 
hepatocellultf  peroxisome  proliferation  which  can  be  evaluated  by  flow  cj^metric  analysis. 
Hepatoeytes  were  isolated  from  PFDA-treated,  pair-fed  control,  and  naive  control  Fischer  344  rats  and 
andysed  for  changes  in  cell  sise,  granularity,  and  DNA  content  The  results  indicate  that  PFDA 
increases  both  hepatocellular  size  and  granularity,  which  correlates  with  reported  light  and  electron 
microscopie  chan^.  Perfluorodecanoic  add  induces  a  shift  in  the  normal  predominant  tetraploid 
DNA  content  to  a  diploid  hepatocyte  DNA  population.  This  shift  in  DNA  content  may  represent  an 
early  stage  in  the  initiation  of  hepatocellular  carcinogenesis. 

This  work  was  supported  by  Grant  No.  88-0216  firom  the  Air  Force  Ofiflce  of  Sdentiflc  Research. 
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37.  EVALUATION  OF  HISTOPATHOLOGIC  CHANGES  AND  MITOGEN-INDUCED 
PROLIFERATIVE  RESPONSE  OF  LYMPHOID  TISSUES  ISOLATED  FROM 
PERFLUORODECANOIC  ACID  (PFDA)-TREATED  FISCHER  344  RATS 


Donald  E.  Fraxier  Jr.,  Melinda  J.  Tarr 

The  Ohio  State  University,  Department  of  Veterinary  Pathobiology,  1925  Coffey  Road,  Columbus.OH 
43210 


An  essential  part  c£  risk  assessment  is  an  evaluation  of  the  immunotoxieologie  changes  associated 
with  chemical  exposure.  The  immune  system  is  a  highly  sensitive  indicator  of  potential  chemical 
toxicity  in  both  humans  and  animals.  A  complete  immunotoxieologie  evaluation  of  xenobiotics 
involves  both  humoral  and  cell-mediated  immunity.  Immunotoxieologie  risk  assessment  should 
involve  a  tier-testing  strategy  such  that  initial  investigative  evidence  may  or  may  not  point  to  further 
immunologic  evaluation.  Perfluorodecanoie  add  (PFDA)  is  a  perfluorinated  carboxylic  add  compound 
that  exhibits  toxic  effects  similar  to  2,3,7,S-tetradilorodibenzo-jMiioxin,  a  potent  immunotoxieant. 
EIxperiments  were  designed  to  examine  morphologic  changes  of  various  lymphoid  tissues  derived  from 
Fischer  344  rats  exposed  to  PFDA  in  vtoo.  ^ts  exposed  to  50  mg^g  PFDA  showed  marked  lymphoid 
depletion  of  the  thymus  (thymic  atrophy).  In  addition,  we  also  investigated  mitogen-induced 
lymphoqrte  proliferation  as  one  aspect  ofeell-mediated  immune  response. 

This  work  supported  by  Chant  No.  88-0216  from  the  Air  Force  Office  of  Sdentific  Research. 
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3t.  STRUCTURE-ACTIVITY  MODEL  OF  MOUSE  INHALATION  LCm 


K.  Gombar,  Kurt  Enslein,  Harold  H.  Borgstadt,  Jaffiray  B.  Hart,  Baiyainin  W.  Blaka, 
Miehaal  E.  Tomb,  Jamaa  R.  Cartar 

Health  Designs,  Inc.,  183  East  Main  Street,  Rochester,  NY  14604 


A  structure-activity  model  of  mouse  inhalation  LC50  values  has  been  developed.  This  model  can  be 
used  for  tbe  estimation  of  mouse  inhalation  LC50  values  from  chemical  stnicture.  In  addition  to  an 
equation  capable  of  predicting  values  for  heterogenous  data  sets,  an  equation  was  daveloped 
specifically  for  fluorohydroearbons. 

Tbe  321  LC50  values  were  mostly  collected  from  the  open  literature.  Independent  parameters 
consisted  of  MOLSTACIc)  substructural  keys,  molecular  connectivity  and  kappa  environment 
topological  indices,  and  sigma  and  pi  electronic  charges.  The  equations  were  developed  with 
multivariate  regression  techniques.  Extensive  diagnostic  procedures  were  employed  to  assure  the 
robustness  of  tbe  equations. 

In  the  most  general  model,  50%  of  the  LCSO  values  are  predicted  within  a  factor  of  approximately  2.0, 
and  two-thirds  within  a  factor  of  2.5.  Ninety  percent  of  the  values  are  predicted  within  a  factor  of  5. 

This  model  has  been  incorporated  into  the  TOPKAT  program  to  permit  its  convenient  use  by 
researchers  and  industrial  health  and  regulatory  personnel. 
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19.  THE  EFFECT  OF  TRICHLOROETHYLENE  IN  IRRIGATION  WATER  ON  PLANT 

GROWTH 

Alan  R.  Hoick,  Goorge  H.  Leo 

Armstrong  Laboratory  for  Human  Systems,  Brooks  AFB,  TX  78235-6501 


Trichloroethylene  (TCE)  contamination  of  soil  and/or  groundwater  is  a  problem  at  several  Air  Force 
installations.  At  one  installation,  TCE-contaminated  water  is  used  for  the  irrigation  of  nearby 
orchards.  Concern  has  arisen  as  to  the  possible  deleterious  effect  of  TCE  on  the  plants,  and,  by 
extension,  to  humans  consumingthese  plants. 

Bioassays  utilising  germinated  sorghum  iSorghum  bieoior  L.)  and  pinto  bean  (Pluueolua  vulgaris  L.) 
were  performed.  Multiple  replicationa  were  exposed  to  several  levels  of  TCE  in  water  for  14-<lay 
periods.  The  plants  were  then  harvested  and  mean  shoot  length  and  dry  weight  were  compared  among 
TCE  concentrations.  The  concentrations  of  TCE  and  its  metabolites  in  exposed  and  nonexposed  plant 
tissue  was  also  determined.  The  results  obtained  should  be  helpful  in  the  development  of  biologically 
meaningful  standards  for  groundwater  contaminants. 
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40.  A  CASE  STUDY  OF  A  CATASTROPHIC  TOXIC  EXPLOSION  -  SOME  INSIGHTS 
FOR  AN  EFFECTIVE  EMERGENCY  RESPONSE  SYSTEM 


L.O.  MtndanhilU,  D.E.  Hattendorfi,  O.D.  Morrison^.  R.  Tueyi,  DA.  Downing^ 

iGeodynamiet  Corp.,  21171  WMtern  Avenue,  Suite  100,  Torrance,  CA  90501 
^Geodynamies  Corp.,  P.O.  Box  5648,  Vandenbei^  AFB,  CA  93437 


Caatastrophie  event!  such  ae  rocket  booster  eiqploaions,  chemical  plant  firee/explosums,  and  nuclear 
plant  disasters  can  release  very  large  quantitiM  of  toxic  substancM  into  the  environment  over  very 
short  period  of  time.  Depending  on  the  location  and  environmental  conditions,  these  materials  can 
spread  extremely  rapidly  and  place  humans  at  risk.  Such  events  pose  a  difBi^t  challenge  for  an 
emergency  response  system  (E^  to  deal  with.  This  paper  describes  one  such  event -the  explosion  of 
a  large  rocket  booster  at  Vandenberg  AFB  -  and  shows  several  implications  this  event  has  for  effective 
ERSs  that  must  deal  with  the  atmospheric  dispersion  of  toxic  contaminants. 

Predicting  the  probable  path  of  the  spreading  toxic  cloud  as  accurately  and  as  rapidly  as  possible  is  the 
first  fiinction  an  ERS  must  perform.  This  requires  knowledge  of  atmospheric  conditions  and  suitable 
models  for  describing  the  transport  and  dispersion  the  toxic  material.  Too  often,  however,  models 
are  employed  that  have  not  been  adequately  tested  against  the  conditions  for  which  they  are  being 
used,  or  the  meteorologieal  data  used  for  input  to  the  models  are  not  timely  or  of  adequate  spatial 
resolution.  Also,  the  models  may  not  be  initialised  with  good  data  on  diaraeteristies  of  the  source  term 
(e.g.,  height  and  width  the  stabilised  toxic  cloud).  This  paper  illustrates  the  necessity  for  providing 
toxie  dispersion  models  with  timely  data  and  shows  examples  of  several  sources  of  such  data.  Finally, 
examples  are  shown  on  how  essential  data  could  be  displayed  in  real-time  as  part  of  an  ERS. 


41.  EVALUATION  OF  OTTO  FUEL  II  FOR  TERATOGENIC  EFFECTS  PHASE  TWO: 
NONRODENT  SPECIES 


LH.  Lee^,  J.R.  Cooper^,  DA.  Macys^ 

^Naval  Medical  Reaeardb  Institute  Detachment  (Toxieology) 

SAnnatrong  Aerospace  Medical  Research  Laboratory,  Wright>Patteraon  AFB,  OH. 


OTTO  Fuel  II  is  the  propellant  used  in  the  Navy's  MK  46  and  MK  48  torpedoes.  Navy  personnel 
guidelines  authorise  the  assignment  of  female  crew  members  to  billets  involving  the  fueling  and 
maintenance  of  these  torpedoes.  These  policies  have  raised  questions  regarding  the  potential  for 
OTTO  Fuel  U  to  cause  birth  defects. 

Studies  were  initiated  in  early  1988  to  determine  if  OTTO  Fuel  II  was  teratogenic  in  the  rat  and 
rabbit.  Results  of  the  rat  study  revealed  evidence  of  fetal  toxicity  only  at  doses  which  also  caused 
significant  toxicity  to  the  dam.  A  reduction  in  maternal  body  weight  during  the  dosing  period  was 
accompanied,  in  t^  study,  by  a  reduction  in  fetal  length  and  weight  An  increase  in  the  number  of 
fetal  resorptions  and  a  deerea^  number  of  live  fetuses  was  also  noted.  Because  of  a  lack  of  significant 
gross  morphologic  malformations  in  any  of  the  fetuses  examined  and  the  absence  of  toxic  effects  in 
fetuses  from  dams  which  did  not  themselves  display  toxicity,  it  was  concluded  that  OTTO  Fuel  11  was 
not  a  teratogen  in  the  rat 

The  present  study  replicates  our  previous  work  in  a  nonrodent  species.  Forty-eight  artificially 
inseminated  rabbits  were  dosed  dermally  with  OTTO  Fuel  n  at  the  rate  of  0,  100,  316  and 
1000  mg^cg/day  on  Days  6  through  18  of  pregnsmey.  A  significant  reduction  in  materiud  b^y  wei^t 
was  seen  on  Day  15  of  pregnancy  and  occurred  only  in  the  high  dose  group.  Liver  weights  recorded  at 
necropsy  were  significantly  elevated  in  this  group.  Morphologic  examination  of  the  rabbit  fetuses 
failed  to  reveal  significant  evidence  of  fetal  malformations  or  toxicity.  A  statistically  significant 
reduction  in  the  total  number  of  live  fetuses  was  noted,  however,  but  only  in  those  receiving  the 

1000  mg/kg^day  dose.  The  preimplantation  loss  indicated  that  fetal  death  occurred  very  early  in  the 
developmental  process  in  these  animals.  This  fetal  loss  is  possibly  related  to  an  increased  level  of 
blood  methemoglobin  in  the  dam.  Based  on  data  from  both  the  rat  and  rabbit  studies,  we  conclude  that 
OTTO  Fuel  II  is  not  a  teratogen  according  to  current  Environmental  Protection  Agency  testing 
guidelines. 
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